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AN EXPERIMENTAL STUDY OF THE TECH- 
NIQUE OF INDIAN POTTERY MAKING 


JAMES B GRIFFIN AND CARLETON W ANGELL 

R ECENT research work in the Ceramic Repository in the Uni- 
versity of Michigan Museums revealed that a more complete 
understanding of Indian pottery could be gained by a better knowl- 
edge of the materials used by aboriginal artisans and of their methods 
of constructing the vessels For this reason the experiments dis- 
cussed below were undertaken The methods employed followed 
as closely as was deemed necessary the procedure of the primitive 
craftsman The ceramic specimens from the eastern half of North 
America and, more particularly, from the northern part of that 
area appear to be of rather crude and primitive workmanship It 
would not seem that much skill or technical knowledge would be 
needed to duplicate the results obtained by Indian potters How- 
ever, we found that there were a number of tncks to this trade with 
which we wore not familiar and that our work was merely a small 
beginning in the amount of technical investigation which will have 
to be done before this phase of aboriginal industry is understood 
During the summer of 1933 we spent two weeks at the University 
of Michigan Fresh Air Camp located on Patterson Lake, Livingston 
County, Michigan, at which time we earned out the investigations 
We should like to thank the Board of Directors of the camp and 
particularly the director, Mr George Alder, for the many favors 
and courtesies extended to us during our stay at the camp 

The clays used in the experiment came from beneath the director's 
cottage, from a road bank at a small community that is locally called 
“Bell,” and from a deposit of native commercial clay at Flint, 
Michigan. These clays were selected because we wished to ob- 
serve the different reactions of unworked clay and the commercial 
product The grit temper was obtained by crushing partially dis- 
integrated granitic firestone which came from a neighboring Indian 
site Sand was secured from the camp supply Shells for tempering 

1 
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were fresh-water bivalves gathered in Patterson Lake, they were 
identified by Dr Henry Vender Schalie as Anodonta grandts fooUana 
Lea and Lampsths st hqu&idea Barnes The clay, shell, and rock 
were pulverised in an iron mortar and pestle By varying the 
amount of the tempering material used with the day we sought to 
discover the proportions employed in aboriginal times Other ma- 
terial included cloth, saucers, a zinc-lined table, a wire screen, walnuts, 
a corncob, a cord-wrapped stick, a cord-wrapped paddle, a paddle 
with a carved design, a smooth paddle, and several water-worn 
pebbles The pottery was made under the shade of a large walnut 
tree, so that the heat of the sun would not dry the clay as it was 
being shaped 

After the assembling of the materials the first step was the 
preparation of the ingredients The individual clays were placed 
one at a time m the mortar and pulverized The aboriginal custom 
was to crush the clay between stones It was then sifted through 
a i-mch screen and placed on the table Some of the tribes win- 
nowed the clay to remove impurities, but others were not so par- 
ticular The shells were scraped to remove any foreign matter and 
were pounded into small pieces The rotten rock was subjected to 
the same pulverizing treatment 

A sufficient amount of clay to make three or four pots from 4 to 
6 inches m diameter and from 4 to 5 inches high was mixed with 
approximately one third or one fourth as much shell or grit The 
materials were not weighed because of the loss resulting from blending 
the mixture, molding the pot, and scraping and smoothing the un- 
finished vessels It was thought that the more accurate knowledge 
of the exact percentages of clay, temper, and water in the vessel 
would not be worth the expenditure of more time and labor The 
clay-temper mixture was then formed into a circular dam, and a 
small quantity of water poured into the center The water was 
worked mto the mixture until the clay had the consistency of thick 
dough (see PI I, Fig 1) If the mixture was too dry, the clay 
oould not be worked, if it was too wet, the hands became encased 
in the clay When the clay had been thoroughly kneaded, it was 
placed to one side and covered with a damp cloth to prevent evapo- 
ration of the water 

A square of the cotton doth saturated with water was laid on 
the concave surface of a saucer This practice is closely analogous 
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to known procedure of Indian potters, as is the following method of 
construction A small amount of clay from the kneaded mass was 
rotated between the palms of the hand and formed into a ball This 
ball was then placed on the cloth and squeezed out over the surface 
of the saucer to withm a half-inch of the Up The edge of this basal 
pat was beveled upward and inward to form a base for the first clay 
roll More clay was taken from the mass and rolled between the 
hands, or on the table, into a ropelike strip having sufficient length 
to encircle the pat just completed This rope of clay is called the 
coil The beveled edge of the pat was moistened before the coil 
was applied, as was each succeeding surface to which clay was added 
The ooil was held in one hand while the other hand attached it to 
the prepared surface (see PI I, Fig 2) The tips of the fingers were 
used to press the coil firmly to the preceding layer of clay Imme- 
diately after applying each circle of clay, the inner and the outer 
projecting portion of the coil was pressed down over the preceding 
one, forming a smooth surface It was found that, with the size of 
the tempering particles used, the light thickness of the walls of the 
vessel could be obtained while the clay was still plastic If an 
attempt was made to scrape the walls to their proper thickness 
after the vessel had dned, the temper particles were often pulled 
from the surface, leaving a hole m the wall If these surface cavities 
were filled m, care had to be taken to remove completely any air 
within, otherwise the vessel would break while being fired 

By the time the last coil had been firmly applied the pot had 
assumed a finished appearance, for the thickness of the walls had 
been set If the rim was to be a distinct feature, an added coil was 
blended upon the outer surface of the preceding coil and the joint 
smoothed (see FI I, Fig 3) Scallops on the Up were produced by 
tlmply bolding the palm of the left hand against the inner wall while 
the index finger of the right hand pressed firmly against the kp 
A variety of surface markings was obtained with the use of bark 
and dried walnuts, which were pulled across the surface The corn- 
cob and the cord-wrapped paddle were rolled across the wet clay, 
and the cord-wrapped paddle was also used to malleate the surfaoe 
The design on the carved paddle was stamped into the surfaoe of 
one of the vessels (see PI I, Fig 4) The smoothing pebbles and 
the paddles were used to produce an even surface finish 

The pot was now ready to be dried It was placed in & shaded 
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spot where it would not dry too rapidly and crack The time needed 
for drying depends on the weather and the thickness of the vessel 
It is absolutely necessary that there should be no moisture m the 
clay when the vessel is fired, otherwise it will disintegrate 

A small wood fire was prepared, and tho dried pots supported 
by sand were set up around it, with the mouths of the vessels toward 
the flames (see PI II, Fig 1) When the fire had burned down to 
coals, the vessels, which were now too hot to handle without gloves, 
were laid on the embers mouth downward Dried cow dung and 
bark were placed over the pottery and allowed to burn away The 
completed vessels were then permitted to remain in the ashes in 
order to prevent breakage from uneven cooling The initial heating 
averaged twenty to twenty-five minutes, with the actual firing taking 
a half-hour more The fired vessels were left in the coals for over 
two hours, and when finally removed were still warm 

Of the vessels that have subsequently been broken and examined 
two were made of clay from Flint, Michigan, which had been mixed 
with sand approximately in the proportions of 2 to 1 The hardness 
of these vessels and of the others is from 2 to 2 5 The texture of 
the paste is fine The clay before firing was gray These two vessels 
burned to a very light brown on tho exterior Burfaee The cross- 
sections revealed that the brownish color extends but a short distance 
into the body, varying from a mere film to approximately one fourth 
of the thickness of the cross-sections 

Some authorities believe that it is possible to ascertain the method 
by which a pot was formed by examining the broken pieoes We 
know that these vessels were constructed by colling, and according 
to this theory should have broken primarily along the coiling lines 
The two vessels discussed above and all the others save one broke 
perpendicularly to the coiling lines 

Another combination was made of two parts of Flint day to 
one of gnt or pounded rock The texture of this group is medium- 
fine Here also we see the change of color from the original gray to 
a brown on the extenor surface The cross-section, however, pre- 
sents a somewhat different picture The line of separation between 
the inner grayish zone and the brownish exterior is sharply marked, 
so that the vessel appears to have been made from two different days 
Firing the Hell clay resulted in a change from the original light 
yellow to a light brown on the surface and to a grayish brown in 
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the cross-sect ion This clay shows a tendency to surface-crackle in 
restricted areas 

One of the vessels Has made of light yellow day taken from 
beneath the director's cottage and shill was used as the tempering 
material The color before and after firing was nearly the same as 
that of the Hell clay Much of the shell that was exposed on the 
exterior surface, or that which lay close beneath the surface, waa 
slaked, it appears as white spots on the photograph (see PI 11, 
Fig 2) The shell in the rest of the v essel was not affected in this 
manner 

The surface of the vessel that had l)eeu smoothed with a paddle 
did not show to a noticeabk degree the mdi\ idual strokes used, but 
the homontal markings left by the smoothing pebble were quite 
distinct This type of smoothing is very often encountered on Indian 
pottery of eastern United States I he impressions left by the cord- 
wrapped paddle are identical in type with some of those appearing 
on eastern Woodland pottery (see PI II, Fig 3) The design made 
by the carved paddle (see PI II, Jig 3) is analogous to a type of 
surface decoration common in southeastern United States 

This preliminary investigation has pnxluced a number of rather 
interesting results Pottery made from unrefined nativi clay is as 
hard as that made from refined native clay when the two are fired 
In the open air Most of the Indian pottery of the neighboring re- 
gions contains a higher percentage of tempering material than was 
used m these expenmen ts Vessels made of clay from a gi\ en de- 
posit will, an general, assume the same color pattern, but individual 
variation owing to different firing conditions is liable to be greater 
than might be supposed Distinctly defined color differences between 
the surface and the interior of a vessel are not conclusive e\ idencea 
of a slip, since the color difference is not an adequate cn tenon The 
determination of the method of constructing a vessel by the fracture 
lines is liable to be inaccurate unless, for instance, the lines of coiling 
have not been obliterated A surface finish similar to that of ab- 
original vessels can readily be duplicated today 

Future work will attempt to arrive at more accurate determina- 
tions of the percentage of tempering used We should like to know 
the amount of heat and the length of time needed to fire a given clay 
to a given hardness We should also like to know the method by 
which the Indians avoided the slaking of the shell employed in 
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tempering while obtaining a harder vessel than we produced We 
shall also attempt detailed examinations of sherd crosa-sections in 
an endeavor to determine the method of construction There are, of 
course, many questions yet to be answered concerning the nature of 
the materials and the technique of manufacture of Indian pottery 
A trained ceramist is at present devoting his time to detailed physical 
analyses of the primitive wares in the Ceramic Repository As time 
goes on our studies of aboriginal pottery not only will contain accu- 
rate descriptions of the specimens, but also will carry objective data 
on their physical properties 

University of Michigan 
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GOLD-DECORATED TEETH FROM THE 
PHILIPPINE ISLANDS 

CARL E GUTHE 

T HE Philippine collectione of the Museum of Anthropology of 
the University of Michigan contain a group of forty-three human 
teeth possessing small holes into which gold disks or plugs were in- 
serted for decorative purposes These are all anterior teeth, with 
the holes drilled on the labial or outer surface In twenty specimens 
the gold disks are still m place, and four of them bear gold plates 
which are attached to the surface of the tooth by means of minute 
pins, similar to the plugs There is every reason to believe that the 
Filipinos obtained the gold used in this manner by placer mining m 
some of the Philippine streams from which gold may still be ob- 
tained today 

These examples of an unusual method of adornment were obtained 
by the 1922-25 archaeological reconnaissance expedition sent by the 
University to the southern half of the Philippine Archipelago They 
were originally associated with burials located in three widely 
separated parte of the Visayan, or central, group of islands, namely, 
the islands of Negros, Masbate, and Samar 

The Honorable Dean C Worcester, who sponsored the expedition, 
turned over to its collections a group of material obtained during 
excavations carried on under his direction prior to the arrival of the 
expedition. At one of these sites, bearing the field catalog number 
B 1, two teeth were collected, each of which had gold plugs in its 
labial surface The site was a buml ground or cemetery on a sandy 
beach about three miles south of the town of Vallehermoso, in the 
northern part of the province of Eastern Negros No detailed record 
had been kept of the contents of each grave, but the cemetery as a 
whole yielded many examples of trade materials, such as Asiatic 
porcelains and stoneware; glass, stone, and gold beads of several 
varieties, lead net sinkers, and a specimen of iron, and, in addition, 
native pottery and ornaments. 
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Teeth ornamented with gold were found in two localities in the 
municipality of Aroroy, m the extreme northwestern tip of the island 
of Maabate The first of these (G 91) was a buna! found by a 
Filipino in 1923 while digging a post hole for a house It was m a 
sandy beach between Diablo Island and Point Colorado, about one 
hundred yards from the water line The bones of an adult had been 
buried m a jar bearing a brownish green glaze and ornamented with 
a dragon design Above the jar, which had been placed right side up, 
were found the fragments of a celadon bowl, which once may have 
served as a cover Under the jar was a hght-colored stoneware bowl, 
on which was a badly disintegrated glaze The four upper incisors of 
the burial had had gold plugs in them The Filipino discoverer tore 
out sixteen disks from two of them, but the other tw o still retain seven 
disks each 

The second locality in Maabate was near the town of Mahbon, 
only a few miles from the site of the bunal just described In a small 
cave, which is little more than a rock shelter (C 47), badly shattered 
human bones indicated former burials Rotting fragments of a small 
wooden coffin of native workmanship, sherds of native-w are jars, of a 
large glazed jar with a dragon design upon it, and of monochrome 
glazed stoneware bowls were scattered on the surface of the cave 
floor Screening the deposits in several sections of the cave revealed 
antler points, bone beads, a thin gold disk with an embossed design, 
and seventy miscellaneous human teeth Three of these teeth had 
been ornamented, one bore an empty hole on its labial surface, but 
two others still oarned irregularly shaped thin disks covering the en- 
tire labial surfaces 

The great majority of the teeth bearing gold decorations, that 
is, thirty-four out of forty-three, were encountered while screening 
the deposits m two bunal caves on small islands just off the west 
coast of Samar, lying east of the small island of Daram, and thirteen 
miles due south of the town of Catbologan One of these (C 2), which 
was examined by Mr Worcester's party, yielded sixteen guoh teeth, 
the second (0 7), dug by the expedition, revealed eighteen teeth 
ornamented with gold Although the first cave was much larger 
than the second, the conditions and associations in both, which were 
in limestone formations, were essentially the same The floors, 
although usually dry, bad clearly been subjected to water action, 
probably during storms The confusion resulting from natural die- 
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turbances was increased by occasional visits of beasts and men 
The bones of the skeletons had been scattered In the second cave 
three human skulls were seen jammed in a crevasse fragments of 
the same vessel were found separated by many feet, and sherds, 
apparently old, lay beside more recent ones, in the relatn ely shallow 
deposits which had no clear stratification The caves had apparently 
been used a long time as places of burial, for the collections, obtained 
largely by screening the deposits, include, in addition to the orna- 
mented teeth and other skeletal remains, the following materials 
fragments of stoneware and earthenware plates and bowls, some 
bearing monochrome glazes of green, gray or brown, others showing 
blue and white or black and white designs, sherds of greenish 
brown glazed jars, and of native-ware vessels, a few iron implements, 
and handles made from antler fragments, and articles of adornment, 
including bracelets, rings, and beads of shell, stone, and gold Among 
the hundreds of disassociated human teeth were many that were 
discolored, probably largely by betel-nut stain Others showed 
evidence of having been filed, either to bring them to a point, or to 
flatten their labial surface 

The evidence indicates that Visayan Filipinos, living in at least 
three widely separated localities, had formerly mutilated their teeth 
for purposes of adornment by staining them, by filing them in two 
ways, and by inserting gold plugs or disks into the labial surfaces 
The last custom is not necessarily confined to a single cultural group, 
for it has been found associated with three forms of bunai simple 
inhumation, cave burial, and jar burial It is unfortunate that the 
confused condition of the cave deposits did not permit the strati- 
graphies! dating of this custom It may be noted in passing that 
some of the associated Chinese trade vessels appear to have been 
made during the Sung dynasty (960-1279 a d ) 

We have documentary evidence, however, that the Filipinos 
decorated their teeth in this manner not many centuries ago Antonio 
Pigafetta, the Italian chronicler of Magellan’s voyage, wrote that 
m March, 1521, the company stopped at Butuan and Caraga, in 
northern Mindanao, where they met a native chief who “had three 
spots of gold on every tooth, and his teeth appeared as if bound with 
gold ** 1 In a letter from Seville, written about 1564-05, mention is 
made of decorating teeth “By way of adornment, they color their 
1 BUur and Robertson, S3 128 
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teeth, and bore them through from side to side, placing pegs of gold 
in the holes ” * A Jesuit monk, Pedro Chirmo, who lived in the 
Philippines from 1590 to 1635, wrote in his Relac%6n, which was pub- 
lished in Rome in 1604 “They [the Bihpinos] all cover their teeth 
with a varnish, either lustrous black or bright red — with the result 
that the teeth remain as black as jet, or red as vermilion or ruby 
From the edge to the middle of the tooth they neatly bore a hole* 
which they afterward fill with gold, so that this drop or point of gold 
remains as a shining spot in the middle of the black tooth This 
seems to them most beautiful, and to us does not appear ugly ”* 

Morga, in his Sucesos } which was published in 1609, gives addi- 
tional information “ AU are very careful of their teeth, which from a 
very early age they file and render even, with stones and iron They 
dye them a black oolor, which is lasting, and which preserves their 
teeth until they are very old, although It is ugly to look at Father 
Diego de Bobadilla, in an unsigned and undated manuscript, which 
was probably composed during the years 1638-40, states that the 
Filipinos “file them [their teeth] from their earliest childhood, some 
making them even in this way, others filing them into points, thus 
giving them the appearance of a saw They cover the teeth with a 
black, glossy polish, or one that is flame coloured , and thus their teeth 
become black, or as red as vermilion In the upper row, they make 
a little covering which they fill with gold, which shows off to ad- 
vantage on the black or red background of that polish ”• Before the 
middle of the eighteenth century the Filipinos seem to have aban- 
doned this custom, for a Franciscan monk, Juan Francisco de Ban 
Antonio, says m his Crontca*, which was published at Manila between 
1738 and 1744 “They also, especially the chief women, adorned the 
teeth with gold, with exquisite beauty I do not know whether they 
waste the gold so now ” • 

That an interest in this form of personal adornment still persists 
among the Filipinos in the twentieth century is indicated by Dr Louis 
Qttofy, of Chicago, who practiced in Manila during the early days of 
the American Occupation He has sent the following statement 
“ The desire for ornamentation was so keen that there was devised a 
so-called dental ornament This consisted of a thin piece of gold, 
about eighteen carat, cut in the shape of a heart To its distal mu> 

* Blair sad Robertson, 2 323 * Ibid, 16 78 * 40:327 

* Ibid , 12 187 * !bid t 39 287-288, 
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face two small luge were soldered These passed in the interproxi- 
mal space between two incisors, or the lateral incisor and the cuspid 
(but generally between the central incisors) , the lugs were then 
bent with the fingers, one to the right, the other to the left, and 
the piece of gold was held m place From a distance the appearanoe 
was that of large gold fillings m the proximal surfaces The piece 
could be removed by the wearer, and when tarnished, could be 
polished and replaced Or if one was tired of wearing it in one place, 
it could be moved elsewhere I was informed that on special oc- 
casions, such as a wedding or a fiesta, the principals would borrow 
these ornaments from their friends, and thus exhibit a number of 
them in the same mouth, giving the appearance of many gold fillings 
Later, when gold crowns began to be seen, this practice of orna- 
mentation was extended and a piece of gold was cut to cover the 
entire labial surface of the tooth, with two projections or lugs which 
passed between the interproxun&l surfaces on each side, and being 
bent on to the distal surface of the tooth, held it in place In eat- 
ing, food wedges between the tooth and the gold ornament or f doing, 
but as they can be taken off at will, they are washed and replaced 
These ornaments and facing were also made and adjusted by jewelers 
The usual price was three pesos for the ornament and five pesos for 
the facing Since the introduction of gold crowns, and the increase 
in the number of dentists in all parts of the islands, this practice is 
being abandoned in favor of gold crowns ” 

Yet the custom of mutilating teeth for purposes of adornment 
seems to have disappeared in the Philippines before any known care- 
ful reoord was made of the process by which the disfigurement was 
accomplished Fortunately, travelers of recent years in other islands 
of Malaysia have described a still existing identical custom among the 
inhabitants of Borneo and Sumatra, with the single difference that 
brass was used instead of gold Dr Joseph B Davis, in the catalog 
of his collection of skulls, describes and illustrates a skull of a young 
Dyak man, named Pa-Handoeran, about thirty years old at the time 
of his death, which came from B&ndjermasaing, on the island of 
Borneo* “The teeth have been fearfully tampered with at the dicta- 
tion of fashion Both upper and lower front teeth have been rubbed 
down on their cutting-edges, the first considerably, then the four 
upper incisors and two canines have been tapped with a small hole 
through the enamel and into the cavity of the tooth (on their front 
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surfaces), and a metallic peg with a round head driven into each 
In this way (when the upper lip was raised) the shining knob on each 
tooth would be displayed The metal is yellow, and no doubt it is 
brass The pegs of the outer incisors have fallen out, and the holes 
pierced into their pulp-cavities arc seen ” 7 

H Ling Roth, 8 who wrote a large treatise called The Native* of 
Sarawak and British North Borneo , gives a number of illustrations 
of teeth filled with metal, and quotes from several sources, as follows 
“The Rev F W Leggatt informs me ‘ Teeth are also frequently 
filed like the teeth of a saw, and blackened, after which brass wire is 
cut into short lengths and dnven in as studs into holes previously 
drilled in the teeth Or the stud ornament may be adopted without 
filing the teeth 9 At Lake Padang Mr Hornaday ‘took 
advantage of their good humor to ask them about the little metallic 
plates on some of their front teeth, which looked like gold I found 
that each upper incisor and canine tooth was capped by a smooth 
plate of copper, held in place by a pin driven into a hole w the tooth 
The Dyaks showed me how the hole is drilled (with a bow), and one 
imitated the agony they endure during the operation He was a 
good actor, and his facial and bodily contortions and wnthings ex- 
cited roars of laughter ' From the Baram river Mr C Hose writes 
‘The teeth are filed by nearly all the races of Borneo at any age, 
and in many cases drilled with holes m which brass wire is inserted 
(J A I XXIII, 167) ” 

The most satisfactory description of the process by which these 
holes are drilled and then filled with metal is given by E H Gomes,* 
in Seventeen Years among the Sea Dyaks of Borneo “The teeth are 
often blackened, as black teeth are considered a sign of beauty 
The blackening is done by taking a piece of old oooonut shell or of 
certain woods, and holding it over a hot fire until a black resinous 
juice exudes This juice is collected and while still warm the teeth 
are coated with it The front teeth are also frequently filed to a point, 
and this gives their face a curious dog-like appearance Sometimes 
the teeth are filed concavely in front, or else the front teeth are filed 
down till almost level with the gums Another ounous way of treat- 
ing the front teeth is to drill a hole in tke middle of each tooth, and 
fix in it a brass stud I was once present when this operation was in 
progress The man lay down with a piece of soft wood between his 
1 P 289 Skull number 279 8 2 78, * Pp 38-39. 
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teeth, and the 'dentist' bored a hole in one of his front teeth The 
agony the patient endured must have been very great, judging by 
the look on his face and his occasional bodily contortions The next 
thing was to insert the end of a pointed brass wire, which was then 
filed off, leaving a short piece in the tooth, a small hammer was used 
to fix this in tightly, and, lastly, a little more filing was done to 
smooth the surface of the brass stud I am told the process is so 
painful that it is not often a man can bear to have more than one or 
two teeth operated on at a time ” 

A more emotional but less complete account of the process is 
given by W H Furness, 3rd “The Ibans [of Borneo], not con- 
tent with blackening the teeth, actually dnll holes through and 
through the faces of the six front teeth, and therein insert plugs of 
brass, whereof the outer end is elaborated into stars and crescents 
Then they finish up by filing the teeth to sharp points! No dentist's 
chair can hold a more hideous torture than this The dnll, — usually 
no more delicate an instrument than the rounded end of a file, — 
bores directly through the sensitive pulp of the tooth, teanng and 
twisting a nerve so exquisitely sensitive that but to touch it starts 
the perspiration and seems the limit of human endurance, yet an 
Iban will lie serene and unquivenng on the floor while his beauty is 
thus enhanced by some kind and tender-hearted friend Of course, 
the tooth dies and becomes a mere shell, tanned inside and out by 
repeated applications of the astringent blackening, the gums recede, 
exposing the fangs of the teeth and sometimes portions of the alveolar 
process, — I need not add that the mouth of a middle-aged Iban 
is anything but attractive 

“The brass plugs can be inserted or removed at will When a 
young Iban lad whom I took with me as a servant to Singapore and 
Siam, noticed that the people in the streets stared at his beatudded 
teeth, he at once removed the brass studs and kept them carefully 
looked up in his private box " 10 It seems unlikely, m view of the 
description by Gomes and the condition of the teeth described in 
this artiole, that the plugs could always be removed at will 

Alfred M&ass, in his two-volume work on central Sumatra, testi- 
fies that this curious custom also existed recently m that island In 
describing a trip down one of the nvers he says “It being successfully 
accomplished, the captain's features lit up, and between his reddish 

<• P 157 
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brown Ups flashed his teeth, decorated with small gold plugs Gold- 
smiths from Fort de Kook, who travel through the country, fashion 
such embellishments for one rupee (i e , one gulden or X 69 marks) ” 11 
Later, while discussing the customs of the mountain people of the 
town of Taluk, on the Kuan tan river in central Sumatra, he adds 
"Many people, as we know, have a partiality for decorating their 
front teeth with small plates of metal For this purpose dentists bore 
small holes In the teeth, which are filled with gold, copper or brass 
wire Still other people who believe they have teeth which are too 
long, have them sawed off, and filed with coarse and fine grained 
stones until a hole results, which is then also filled as described above 
Teeth treated in this manner serve as adornment ” 18 But the 
custom does not seem to be widespread, for later, in describing the 
people of the upper Kampar valley, which is adjacent to that of the 
Ku&ntan, he does not mention this type of decoration 

Although the custom of inserting plugs of metal in the teeth 
may not have been practiced by some of the Malay groups, it is 
evident, from its occurrence m Sumatra, Borneo, and the Philip- 
pines, that it was generally known throughout the Malaysian islands 
Von Iherrng, in his monograph on the artificial deformation of teeth, 
refers to this custom in his argument against the indigenous char- 
acter of tooth filing among the Malays He writes "It may be 
possible that this custom of pointing [the teeth], which I have found 
among the Papuans and Negritos, was originally foreign to the 
Malayan elements, although as yet no sufficiently exact reports are 
in hand That the usual deformation of the teeth now found in the 
Malayan area was not originally common to all the Malays is shown, 
in addition to the narrow limiting of the relief filing with pointing 
to some of the Sunda Islands, and the recurrence of the pointing 
among the Negritos of the Philippines, by the fact that another very 
peculiar custom, which is now known only from Borneo and the 
Celebes, was formerly m use in the Philippines, by which it 2s known 
that they were in former times the habitat of the now almost ex- 
terminated Negritos. It is the custom of boring a hole in the front of 
the upper incisors, and filling this with metal, gold whenever possible 
The use of gold as decoration for the teeth occurs moreover also in 
Sumatra, where dental crowns were made of sheet gold ” 11 

The custom of mutilating teeth for purposes of adornment is 

» X ISO * P 573 « P 2X7 
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not confined to Malaysia A vanety of forms of tooth filing occur w 
many parte of the world In New Guinea the natives file the teeth 
to points 14 In central Africa this method of filing is accompanied by 
other forma 11 At least two forms of tooth filing existed m Mexico, 
Central America, and various parts of South America 14 But the 
custom of inlaying teeth, as described in this paper, is by no means 
so wide in its distribution The only part of the world outside 
Malaysia in which it occurs is in southern Mexico, northern Central 
America, and northwestern South America (Ecuador) 17 In these 
regions the drilled holes were often of larger diameter than those here 
described, and m addition to gold the Indians also used polished stones 
and ores as material for the plugs 

The large University of Michigan collection of teeth from the 
Philippines bearing gold disks or holes for their insertion warrants a 
detailed technical examination of the specimens 14 in order to deter- 
mine (1) the variability of the methods used in carrying out the op- 
erative procedures preliminary to the actual insertion of the disks, 
(2) the exact method of attachment, (3) the character of the metal 
used, (4) the shape in which the metal was available, (5) the reason 
for the stains, (6) the effects which such mutilation may have had 
upon the teeth themselves, the underlying pulps, and the surround- 
ing soft tissues and bone, and, finally (7) the effect of diet and the 
presence or absence of any methods of oral hygiene 

In Plate III a photograph of each tooth from the labial aspect 
la shown In Kate IV an X-ray from the memo-distal aspect is 
shown The teeth are arranged in the same order in both figures, 
starting with one at the upper left A few examples among these of 
conditions bearing on the questions raised will be discussed 

Tables I and II contain a summary of the conditions and char- 
acters observed on each tooth In order to avoid undue repetition 
it may be said that with but one or two exceptions all the teeth are 
Stained a light brown, presumably from the chewing of betel nuts 
The form of the anterior teeth is one which for the most part carries 
strong marginal ridges on the Ungual surface, creating a modified 

w Bens Van Rtppen, d *» Bene van Eippen, 6 

14 ht E Seville, Bene van Eippen, a and c 17 find 

u The author is indebted tot F Ritterehofer, D D 8 , of the Graduate 
School of the University of Michigan, for the detailed observations and measure 
meats recorded in the tables He also prepared the descriptive text and the 
accompanying figure*. 
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TABLE I 


DtSCIUmON OP tub Tbeth 


R m Hgbt o « central 

I -left l - lateral 


Serial 

number 

Catalog 

number 

Name of 
tooth 

| Diameters in millimeters 

Plate 

think* 

ness 

In mm 

looth crown 

Hole 

Gold 

dusk 

average 

Memo- 

distal 

Labio- 

Kngual 

1 

B 

1-123 

L o incisor 

760 

6 60 

10 

10 


2 

B 

1-123 

ft canine 

8 84 

9 11 

15 

1 0 


3 

C 47-10 

U c incisor 

750 

748 

20 



4 

C 47-9 

L canine 

7 40 

7 23 

18 


016 

6 

C 47-9 

ft 1 mrisor 

6 30 

6 15 

1 5 

16 


6 

C 

7-71 

R 1st pram 

7 *7 

8 64 

1 0 



7 

c 

7 71 

It cRiimo 

7 92 

7 70 

10 

16 


8 

c 

7-71 

L c incisor 

7 88 

7 11 

12 

20 


9 

c 

7-71 

L 1 manor 

4 20 

4 40 

12 

20 


10 

c 

7-71 

ft 1 incisor 

6 80 

5 83 


30 


11 

c 

7-71 

1 o incisor 

860 

7 25 

16 

10 

033 

12 

c 

7-72 

R o incisor 

8 18 

8 23 

12 



13 

c 

7-72 

L canine 

764 

780 

10 



U 

f 

7 72 

L canine 

7 15 

783 

17 



15 

c 

7 72 

R c inosor 

7 43 

7 31 

22 



16 

c 

7 72 

R c incisor 

8 6G 

700 

18 



17 

c 

7-72 

It o incisor 

7 84 

6 78 

08 



18 

c 

7-72 

ft t incisor 

7 22 

698 

20 



19 

c 

7-72 

1 1 incisor 

6 20 

6 58 

09 



20 

c 

7-72 

L i incisor 

6 05 

585 

10 



21 

t 

7-72 

R 1st prern 

6 18 

8 33 

22 



22 

c 

7 72 

L 1st pram 

7 20 

030 

19 



23 

c 

7-74 

L o incisor 

7 33 

6ft3 

16 



24 

G 

9-16 

R canine 

765 

7 08 

12 

12 


25 

G 

9-16 

R 1 incisor 

6 25 

fl 19 

12 

14 


26 

G 

9-15 

ft o incisor 

7 93 

1 6 71 

08 



27 

G 

9-15 

L canine 

7 71 

7 97 

08 



28 

V 

2-19 

. R canine 

8 80 

9 10 

23 



29 

C 

2-19 

R 1 incisor 

6 70 

620 

23 



30 

C 

2-19 

L o incisor 

812 

798 

20 



31 

C 

2-19 

R camne 

740 

718 

1 2 



32 

C 

2- 19 

ft o incisor 

7 40 

7 03 

10 



83 

C 

2-19 

R o incisor 

860 

7 15 

10 

10 


84 

c 

2 19 

h ranine 

8 42 

910 

16 

16 


35 

( 

2 19 

R 1st prem 

7 11 

900 

17 



36 

c 

2-19 

L c incisor 

7 40 

700 

18 



37 

c 

2-19 

R canine 

798 

820 

10 

10 

010 

38 

c 

2-19 

L canine 

7 49 

750 

10 



39 

C 

2-19 

K camne 

804 

800 

14 

14 


40 

c 

2-19 

R camne 

796 

812 

1 4 

M 


41 

c 

2-19 

1 c incisor 

8 75 

8 21 

22 



42 

c 

2-19 

t I incisor 

765 

650 

20 



43 

c 

2-19 

R 1 incisor 

6 70 

6 43 

10 

10 
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shovel effect Concretions, mostly of the salivary type, are traceable 
in almost every case More or less Bevere abrasion of the occlusal 
surface of the teeth is nearly always present 

Numbers 3, 8, 18, 24, and 39 illustrate the various types of 
designs found These vary from a tooth having & angle hole to one 
with five, six, or seven disks, sometimes arranged in a triangular 
pattern Numbers 4 and 11 illustrate the two types of plate patterns 
found One is cut in the shape of a four-leaf clover, the other is 
simply an irregular thm plate of gold 

Plates III and IV illustrate a number of conditions which are 
found frequently For example, the first tooth on the upper left 
(No 1), an upper central incisor, shows the characteristic distribution 
of stain as it occurs in many of these teeth, the labial surface is 
quite free from stain for perhaps three millimeters from the oemento- 
enamel junction This condition would indicate that a marked 
marginal gingivitis had existed previous to the staining of the teeth 
In this tooth only one of the six holes contains a metal disk, which 
in this case is semicircular The X-ray of this tooth m Plate II 
(No 1) indicates that the base of the disk barely rests in the dentine 
and that the pulp apparently had undergone considerable recession 
through the formation of the secondary dentine 

Number 2 is a canine tooth To judge from the extremely heavy 
deposits whioh extend apically below the cemento-enamel Junction, 
considerable recession of the gums must have occurred Both the 
X-ray and the photograph show the extreme abrasion of the occlusal 
surface 

Number 3 is also an incisor and illustrates a condition that is con- 
sistently present, namely, the hole is round and has a round base In 
this particular case it is a near-pulp exposure (see PI IV) The 
distribution of the stain here indicates that & marked marginal gin- 
givitis existed 

Number 4 is an upper left canine, the entire labial surface of which 
is covered by a thin sheet of gold measuring but 0 15 mm in thickness. 
Upon removal this sheet or plate showed no evidence of cementation, 
but the under surface was found to be in the form of a short gold tube, 
broken open at the palpal end and apparently formed by punching a 
email gold rod into the plate diteetty over the hole The srplit open 
end of the tube indicates this method of attachment The labial sun* 
face was smoothed off and highly polished 
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Number 8 is an incisor illustrating & condition typical of many 
The primitive operator drilled through the enamel and dentine and 
into the pulp The X-ray in Plate IV indicates this condition very 
clearly The slight flange on the labial side of the diBk shows that it 
had been hammered into the hole This tooth is a striking illustra- 
tion of decorative filing Both the mesial and the distal corners are 
filed, giving the crown a V-shaped appearance Numbers 16, 23, and 
42 show crowns also filed V-shaped 

Number 9 is a lateral incisor with a variation in form that is 
commonly known today as a “peg lateral ” The contact points on 
this tooth are excessively worn, by long hard usage in mastication 

Number 11 is an incisor tooth covered by one of the four-leaf pat- 
terns of gold plate The plate in this case is much thicker (0 33 mm ) 
than the one on number 4, and was secured by the same method, 
except that the hole was earned completely through the pulp chamber 
and ends m the opposite wall (see PI IV), probably not a painless 
operation The great size of the pulp indicates early death of the 
tissue 

Number 16 shows another probable example of gingivitis, the 
stain being high off the cemento-enamel junction The incisor edge 
is so severely abraded that the wear has opened up two of the decora- 
tive holes from the occlusal 

Number 16, an incisor with the crown filed V-shaped, has & 
single large hole which, though seen indistinctly on the X-ray m 
Plate IV, penetrated the pulp chamber The root apex shows con- 
siderable hyperoementosis A marked hyperceraentosia may also be 
observed on the apices of numbers 23, 29, and 36 

Number 18 is an incisor illustrating some apical absorption and 
hypercementoeia It has three labial holes, which are shallow and 
hold no gold In this particular example, the pulp chamber had been 
opened from the lingual surface by a large hole One is inclined to 
speculate whether the hole might have served to drain an abscess 
This could have been the case inasmuch as the conditions indicate 
the presence of infection and the location of the hole contraindicates 
any decorative purpose 

Numbers 5, 8, U, 16, and 23 in Plate IV are teeth in which the 
pulp chamber was penetrated by the decorative hole In number 23 
the large else of the pulp and the small, little-worn contact points 
Would indicate that the tooth was yet young when lost by infection 
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Number 24 is a canine showing a very deeply filed labial surface 
holding seven irregular round gold disks which rest just within the 
dentine This illustrates ideal conditions for retention 

Number 36 is an mcisor showing absorption of the root apex, 
hyperceroentosis, and a large pulp, conditions indicating infection 
and an early loss of the tooth 

Number 37 is a canine holding a plate attached as previously 
described The only new condition here is that the plate has been so 
deeply polished that the outlines of the pma are exposed The location 
of the contact points in this tooth is such that some irregularity of 
tooth arrangement is indicated 

It should be noted m Plate IV that severe abrasion of the incisal 
edge is the rule 

Spectroscopic analysis 19 of these disks demonstrated the presence 
of gold, silver, and copper One disk from number 8 and two from 
number 43 were used in making this analysis The color and a 
specific gravity of about 16 indicates a preponderance of gold 

I<rom such a detailed examination of each specimen it may be 
concluded that the holes, although varying from 1 to 2 3 mm in 
diameter, were drilled by some cylindrical instrument with a round 
end or base, that it was purely by chance that the operator stopped 
short of the pulp in any instance The great variety in the shape and 
size of the disks is no doubt accounted for by the fact that they were 
used more or less as found in nature and were not subjected to any 
preparation beyond the possible selection of one of approximate size 
To judge from the flanges on the labial sides of the disk and the 
absence of anything indicating an auxiliary attachment other than a 
mechanical one, it may be assumed that the disks were simply ham- 
mered into the holes Retention in many cases was made doubly 
easy because the hole w as larger at the base than at the surface The 
locations of concretions point to a gingival recession in at least 20 
per cent of the teeth The distribution of stains indicates a marginal 
gingivitis in at least 70 per cent Many of the pulps have been 
exposed during the operation of drilling the holes Furthermore, 
there is evidence that suppuration existed in a number of instances, 
The extreme wear of the incisal edges and contact points implies 
excessive movement* probably associated with the chewing of betel 

11 This analysis was made by Dr John H Manley, of the Department of 
Physics, University of Michigan 
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nut and of harsh and gritty food The presence of salivary deposits 
on all surfaces of the teeth suggests that this chewing was the total 
extent of any oral hygiene practiced One tooth (number 37) il- 
lustrates a malocclusion of the anterior teeth Number 9 shows the 
presence of a common variation in form Numbers 2, 8, and 22 
indicate the presence of pyorrhetic conditions accompanied, in 
number 2, by severe alveolar absorption Despite the fact that 
not a single instance of canes was found m this collection, other 
pathological conditions present indicate that these people lost their 
decorated teeth early 

The evidence presented demonstrates that those inlaid decorative 
disks were attached by a method which in practice was a partial 
combination of the modern gold-foil filling and the cast-mlay methods 
There is nothing to indicate that these disks and plates wore for any 
other purpose than decoration, inasmuch as no disk occurs where it 
could not be seen, and in the total absence of canes no need for re- 
storative measures could have existed 

University or Michigan 
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A CHIPPEWA METHOD OF MANUFACTURING 
WOODEN BROOMS 

VOLNEY H JONES 

A LTHOUGH many objects of the material culture of the Indians 
. of the Eastern Woodlands have been satisfactorily described 
and recorded, others, for no apparent reason, have been largely 
neglected One interesting utensil which has had a wide distribu- 
tion and use, and yet has attracted little attention from ethnologists, 
is the wooden broom 

As the Homeopathic Hospital Guild Scholar m Michigan Eth- 
nology of the Graduate School of the University of Michigan, I was 
engaged for a few weeks dunng the summer of 1933 in a study of 
the uses of plant materials by the Chippewa Indians of several 
communities in Michigan and two reservations in Canada Dili- 
gent inquiry revealed that wooden brooms are now made at only 
one of the communities visited, and there only occasionally Some 
individuals in other communities hail seen such brooms or knew of 
them, but the technique of making them had not been known or 
had been lost 

At the Walpole Island Reservation in Ontario a wooden broom 
was seen for sale along with splint basketry and other products of 
local Indian handwork m a store operated by Indians It had been 
completed only a short time previously by an Indian who claimed 
to be over seventy years of age He stated that this was the only 
broom which he had made recently, although he had formerly made 
others on occasion He refused to undertake another, explaining 
that the labor involved had provod too strenuous for one of his 
age A younger Indian, Levi Sturgeon, was said to be the only 
other man on the reservation able to demonstrate the method ne 
was engaged to do so 

Shagbark hickory ( Carya ovata (Mill ) K Koch) was the material 
used, although many kinds of wood were available Hickory is 
always employed for this purpose since it is tough, durable, and well 

23 



24 Volney H Jones 

adapted to splitting in the manner desired A smooth young tree 
was selected and cut A section of the trunk was taken and, after 
the bark was peeled from it, the base was squared evenly with an 
axe The log, now read} to lx- made into a broom, was four feet 
long, three and one-half inches id diameter at the base, and two and 
three-fourths at the top 

Sturgeon seated himself on a packing box in the shade of a tree 
and txgan work J he log w vs held vertically bast upward, between 
his knees, a knife was used with the light hand, the left remaining 
free The knife was of a type which has been reported as formerly 
having been made and used generally by the Indians of the eastern 
region Ihe curved blade was made of a file worked down to a very 
sharp edge 

The knife blade was inserted under a thin strip of the wood about 
one-third of an inch wide and about onc-sixteenth of an inch thick 
The loosened end was pulled out a short distance l>etween the knife 
blade and the thumb After being started with the knife it was 
grasped with the left hand and stripped free from the log for about 
fourteen inches The splitting followed the gram of the wood As 
the strips were peeled down m this manner they were held against 
the log and out of t he way w ith the knees This process was repeated 
around the log, which was turned v« the work progressed 

Plate V gives a senes of small models winch I prepared to illustrate 
the vanous steps in the manufacture of a wooden broom higure A 
shows a stick on which work as described above has just begun 

After too many stops to be held conveniently between the knoes 
had been pulled dowm, work was stopped and the strips were beaten 
against the log with the side of a hammer The peeling of the strips 
was then resumed and continued until the diameter of tho end of 
the log had been reduced to one and one-half inches All tho strips 
were then beaten into place as before and bound with a piocc of 
hickory bark The broom was then at the stage shown m Plate V, 
Figure B The end of the log was sawed off with a carpenter’s 
crosscut saw close to tho base of the strips, as seen in Plate V, fcigure C 

After the strips had been released, turned back into their original 
position, pounded vigorously, and bound into place (PI V, Fig D), 
the log was inverted A piece of hickory bark was then tied around 
it approximately an inch above tho base of the strips From this 
piece of bark a rough measurement of the length of the strips was 
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taken up the log About three inches abo\ e the section thus measured 
a mark was made around the log with the knife Strips were pulled 
down from the mark to the piect of bark, winch acted as a stop 
(PI V, fig h) 

The process of peeling the strips here was just as described except 
that the cut was made into the Ride of the log rut her than into the 
end After the strips had been fieelcd to the depth of one inch, the 
binding was removed from the mnci strips The outoi strips were 
beaten firmly against the inner ones, and a temporary binding was 
applied to hold all in place (PI \, fig F) By means of a handaxe 
and the kmfo the ends of all the strips were trimmed until they were 
made even 

The handle w'as then trimmed to a uniform diameter of one and 
one-eighth inches During this operation the broom was held in a 
foot-operated vice known as a “ shaving horse/' a contrivance used 
by white men in colonial times and taken over by the Indians It 
is admirably suited to the woodwork of the Chippewa, ono may be 
seen in the yard of almost every house on the Walpole Reservation 
A carpenter’s drawing knife was used for trimming the handle, after 
which the handle was smootlu d with glass from a bioken window pane 

The broom was next hung in the sun to dry and left for twenty- 
four hours In drying the handle split badly Sturgeon explained 
that this would not have occurred had the wood been dampened 
occasionally After drying the temporary binding was lemoved and 
the strips were ripped more finely with the sharpened handle of a 
file Permanent bindingH of black ash splint were improvised from 
discarded basket splints and carefully put in place, thus completing 
the broom This broom (Museum of Ant hropo logy, University of 
Michigan, catalog number 13989) is shown in Plate VI, figure 1 
It was much more carefully made than one for Sturgeon's own use 
would have been Such operations as smoothing the handle and 
putting on the binding of ash splints rather than wire or heavy cold 
would not ordinarily havt been done The entire job — Sturgeon 
is very adept at woodwork — required about five hours 

According to Sturgeon, the tradition is that such brooms formerly 
were used in sweeping the dirt floors of the bark houses Skinner 
(4 f p 301) reports a similar use of them by the Menommi of Wis- 
consin Sturgeon added that in more recent times there had been a 
ready sale for them to meat dealers when the custom of putting 
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sawdust on the floors of meat markets was in vogue, but that there 
is practically no sale for them at present It was observed that the 
broom made by the old man, although quite reasonably priced, re- 
mained unsold throughout the tourist season, while the sale of splint 
basketry and various kmckknacks was fairly rapid These brooms 
were not seen in use by the Indians, the labor required to make one 
is great and their ooarseness fits them only for rough work, as m 
the yards Discarded commercial straw brooms were commonly em- 
ployed by them for such purposes 

In the Museum of Anthropology of the University of Michigan 
there is a broom of this same type (PI VI, Fig 2), which was collected 
at the Walpole Reservation in 1904 by M R Harrington It was 
made in essentially the manner described above, but not so carefully 
It, also, is of hickory, probably of the same species chosen for the 
broom here described It shows signs of hard usage Reports are 
that such brooms were formerly quite common on the Walpole 
Reservation, but those mentioned above were the only ones I saw 
in several days spent there 

Although it is not the pninary purpose to trace here the ongin 
and the distribution of wooden brooms or to describe the manufac- 
ture of them elsewhere, it may be of interest to call attention to a 
few references known to mo and to give some unpublished data 
recei\ cd m correspondence 

Through the kindness of Professor Frank G Speck of the Uni- 
versity of Pennsylvania a small wooden brush was procured recently 
from Harold Tantaquidgeon, a Mohegan Indian living at Mohegan 
Hill Community, Norwich, Connecticut This brush, which shows 
only minor differences in technique from that described above, is 
nine and one-half inches long It was made of a witch-haxel stick 
one and one-eighth inches in diameter Mr Tantaquidgeon states 
(correspondence, March 5, 1934) that he and his father are the only 
members of the Mohegan group who now manufacture brooms and 
brushes in this manner, and that they seldom do so, since the process 
is tedious The tool used by them is an ordinary pocket knife 
Another type of broom, preferred by the Mohegan to the wooden 
broom, since it is easier to make, is fashioned “by binding twigs 
of black birch on a handle of suitable length ” Such a broom is 
“very simple to make and is very useful for sweeping around the 
yard or in the bam ” 
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The references to wooden brooms in the literature known to me 
are not numerous, and most of them are not very full bach is 
treated briefly in the following paragraphs 

Speck (6, p 189) describes the manufacture of brooms by the 
Mohegan and Niantic Indians of New England “Brooms and smaller 
scrubbing brushes were made of birch sticks They varied much 
in 8ise, according to their intended use In making them, the end 
of the stick was frayed and strips of the fiber split down, then turned 
backwards, gathered m a bunch, and bound together with cord ” 

Beauchamp (1, p 159) thus speaks of the method employed by 
the New York Indians in 1905 “ The splint broom is still made and 
finds ready sale in Syracuse A triangular piece of ash is taken, long 
enough for broom and handle, and the broad end is splintered m the 
usual way, as shown in figure 42 [Figures 42, 43, tnd 44 of Beau- 
champ’s Plate 9 are here reproduced as Figures A, B, and C t respec- 
tively, of Plate VII, Figure 1 ] When this is done, a groove is cut 
around the stick, leaving a space between rather longer than the 
splintered part This portion is also finely splintered from abo\ e and 
turned back, meeting the ends of the first division as in figure 41 
The whole is then stitched with bark thread, and the handle is shaved 
down as in figure 44 ” 

Skinner (4, p 301) describes the manufacture by the Menotmni 
of Wisconsin as follows “A broom of cedar is of a type formerly 
used to clean out the lodges A thick, cylindrical post about four 
feet long is taken and, except for about a foot at one end, is trimmed 
down to make a slender handle The club end is then split into fine 
slivers These, bent backward and outward, form the brush, which 
is secured by a tight belt of bark ” Plate 82, opposite page 314 of 
his publication, illustrating a Menomim broom, is reproduced as 
Plate VII, Figure 2 The similarity between it and the one oollectcd 
by Harrington at Walpole in 1904 (PI VI, Fig 2) will be noted It 
Beems very strange that Hoffman (3) m his paper on the Menommi 
of Wisconsin, published in 1896, although treating material culture 
rather exhaustively, did not mention wooden brooms, and that 
Huron Smith (5) in his ethnobotany of these same Indians, pub- 
lished only two years later than the work by Skinner, also has nothing 
to say of brooms Whether such brooms were m use for only a short 
time among the Menomim, or whether they were overlooked or 
ignored by Hoffman and Smith, is a matter of conjecture 
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Hamngtou (2) reconstructs the culture of a Shmnccock ullage 
site on I ong Island by evidence from exca\ ation, history, and living 
remnants of the tribe Among the articles possessed by these people 
at the time that the field work was done (1902) and said by the author 
to be of “native style” are brushes and brooms (p 258) “Service- 
able brushes for cleaning pots were made by splitting the end of a 
white oak stick into small splints and large brooms were made 
in the same style ” His illustration (Fig 19D, opposite p 254) 
is here reproduced as Plate VII, Iigure 3 As may be seen, it is 
different from the Chippewa broom and from other brooms and 
brushes discussed above m that the end of the. stick is split, but no 
strips are turned down from above 

Professor Speck (correspondence, I'ebruary 15 and 28, 1934) 
has listed for me the localities in which he has seen wooden brooms 
According to him, they weie made by the Scatfieook near Kent, 
Connecticut, until 1900 Other peoples by whom he has seen brooms 
eithc l being made or being used arc C ayuga of Grand Riv er Reserva- 
tion, Ontario, Wamponoag of tape Cod, Massachusetts (made of 
witch-hazel), Algonquin of Maniwnki, Quebec, and Munsee of 
Ontario 

In the museum of the Kansas State Teachers College at Pittsburg, 
Kansas, there is a wooden broom said to have been used in colonial 
times for mopping the floors of houses According to information 
received indirectly from Dean G W Trout, head of the Department 
of History of that college, through correspondence with Miss Lula 
McPherson (March 6, 1934), this broom was brought from West 
Virginia to the Northwest ierntory by white settlers before 1787 
It is in no way associated w ith Indians 

It is surprising that no reference to wooden brooms is to be found 
in suih likely places as the Jesuit Relation n, Frances Densmore’s 
Uses of Plants by the Chtppewa, C C Willoughby’s House s and 
Gardens of the New England Indians , and Huron Smith’s papers on 
the ethnobotany of the Opbwe, Meskwaki, and Forest Pottawa- 
tomie 

The evidence given above, although admittedly scant, Indicates 
a distribution of wooden brooms among the Algonkian peoples of 
New England and the Groat Lakes region, and among the Iroquoian 
peoples of New York and Ontario The distribution coincides 
roughly with that of wood-sphnt basketry Much more evidence 
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would doubtless be gained by a survey of specimens ’which may be 
in various museums 

Although no dire ct evidence is a\ tillable to justify such an opinion, 
the temptation is to attribute the invention of the wooden broom to 
the Iroquois and to assume its diffusion from them to the Algonkian 
— which is the history of many traits But it will be noticed that 
all the ethnological evidence given above has been gathered since 
1900 In the early historical works of the eastern region which I 
examined no mention of wooden brooms was found Beauchamp 
(1, p 158) offers interesting historical and linguistic evidence to 
establish the early use of brooms and the practice of sweeping among 
the Onondaga, Iroquois, and Mohawk The references, howev er, do 
not necessarily apply to wooden brooms, and on this same page, 
although he speaks of the wood* n broom as “early," he also mentions 
a brush broom The only place m w inch he seems necessarily to mean 
the wooden broom is that in which he tells of the gathering of “wood 
for brooms and baskets" by the Moravian Indians on the Susque- 
hanna m 1762 Bun that early date would leave ample time for 
the trait to have benm acquired from the white colonists It has also 
been noted that the broom in the museum at Pittsburg, Kansas, is 
not associated with Indians These facts bung up the question 
whether or not the wooden broom may be of Kuropean rather than 
of Indian origin buicc most of the writers quoted imply or leave 
the impression that it is an Indian invention, it is desirable that its 
origin be determined This, howev er, aw aits archaeological evidence, 
additional historical and ethnological evidence, or an examination 
of the material culture of Kurope in colonial times There can be 
no doubt that brooms and sweeping were of prt-( oiumbian origin 
in America, as various types, obviously of Indian invention have 
been reported from many sections of North America It is only 
the origin of this particular type which is being questioned 

It is neither expected nor hoped that this paper has disposed of 
the subject of wooden brooms, but it has at least raised the ques- 
tion of their origin, distribution, and types This descnption of 
the method of manufactuie in one community may offer a basis 
for comparison of their manufacture in others As the art of manu- 
facture of wooden brooms seems rapidly being lost, such studios, if 
made, must be undertaken soon 

Univkkkity of Michigan 
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SCLEROSED TYLOSES OF ELATE RIO- 
SPERM UM TAPOS BL * 

ROBFRT A COCKRELL 

W HILE the author was making an anatomical study of the 
wood of Elatenospermum Tapos B1 (Euphorbiaceao) a sample 
was sectioned which was unusual in its thickened tyloses Samples 
from three trees were examined, two of which contained only a few 
thin-walled tyloses 

Prior to sectioning, the wood was subjected to the usual treat- 
ment, namely, boiling in water and immersion in hydrofluoric acid 
The sections were stained with haematoxylon and mounted m Canada 
balsam 

The sclerosed tyloses were tightly packed m the vessels (see PI 
VIII, Figs 1-3) and were conspicuously irregular in size and shape 
The walla varied m thickness from 10 to 35 microns and possessed a 
striated structure evident at high magnification and further empha- 
sized by the separation of portions of the tylosis wall along the plane 
of the striatums The walls possessed canal-like ramiform pitting, 
the pits ranged from less than 1 micron to about 3 microns in diam- 
eter, with the larger diameter usually toward the inside of the tylosis 
The branching systems of pits oxtended outward from the cavity of 
the tylosis and connected with pits in the vessel wall or with similar 
ramiform pits w adjoining tyloses 

The layer between contiguous tyloses (middle lamella) took a very 
dark stain with haematoxylon, the remainder of the wall was only 
slightly darkened This would seem to indicate a marked similarity 
to ordinary cell walls, in which the middle lamella likewise takes a 
deep stain and the secondary wall is only slightly darkened 

The sample containing sclerosed tyloses differed from the other 
two samples in having extremely thick-walled parenchyma cells, 
but in all other respects the anatomy of the three samples was practi- 
cally identical 

* Contribution No 40 from the School of lonpetry and Conservation of the 
University of Michigan ^ 
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Sclerosed tyloses similar m abundance to those occurring in 
E Tapos B1 have been reported in Gymnacranthera pamculata (A 
Dr ) Warb (Mymticaceae) by 0 A Garratt ( Tropical Woods , 
No 35 33 1933) Sporadic sclerosed tyloses ha\ e been observed in 
Liguvtrum glomeratwn B1 (Oleaceae) and m Artocarpm Forbesit 
King (Moraeeae) 

The sample containing the sclerosed tylosc was obtained from 
the Yale School of Forestry (\ ale No 12660), to which it was 
supplied by the assistant forest res* arch officer of Kuala Lumpur, 
federated Malay States The other two samples were furnished by 
the New York State College of forestry from JB A Krukoff's first 
collection of Sumatran woods, Nos 207 and 243 

University or Michioan 
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THE WOOD ANAIOMY OF THE NORTH SUMA- 
TRAN “DJEROEK OETAN,” A SUPPOSED 
NEW GENUS OF RIJ FAGEAE 
ALLIED TO MURRAYA* 

HORERl A GOCRREIb 

H ERBARIUM sptcumns and a wood sainpU of a supposed new 
ginus of tlu Rutact ae, subfamily Aurantioidi ao, wt rt obtained 
by Mr B A Krukoff as part of a botanical collection made m 1912 
m Asahan, boat Coast of Sumatra Dr L D Merrill, of the Nt w 
\ork Botanical Girden, is withholding a technical descnption and 
the naming of Ihc tite in honor of the toliector until th< receipt of 
more i>erfcct material will tnablt its affinity to be established with 
greater certainty Its tnfoliolate leaves and laigt, apparently hard- 
or firm-shclU d fruit distinguish it from other Citrus allies in the 
North Sumatran flora At cording to Mr Krukoff, the tree was 
about forty-five feet high and had a spiny trunk, but tht smaller 
branches wtre without spines It bort the Malay name “djeiotk 
odari,” which means “forest orange ” 

Genet al features of wood 

Pale yellow (heartwood not evident), slightly lustrous, heavy, 
very hard, curly-grainecl, vtry fine to fine in texture, without dis- 
tinctive odor or taste 

Gross structure 

Growth mijpi plainly visible to the naked eye, numerous (5-16 
to a cm ), defined at the boundary by fine, pale yellow bands of 
terminal parenchyma 

Vessels barely \ lsible to the naked eye, rather sparse to moderately 
numerous, solitary or in short radial rows, evenly distributed, very 

* Contribution No 41 from the School of Forestry and Conservation of the 
University of Michigan 


33 



34 


Robert A Cockrell 


small to small, vessel lines quite pronounced, somewhat wavy, 
slightly darker than the background 

Parenchyma terminal (see under u growth rings' 1 ) 

Rays barely \ isible to the naked eye, lighter-colored than the 
fibrous tissue, fairly numerous to numerous, fine, ray fleck low, 
inconspicuous, of the same color as the remaining tissue 

Minute anatomy (see PI IX) 

Growth rings plainly delimited by a 1-7-senate band of terminal 
parenchyma and by rays which flare slightly where they cross the 
parenchyma band, cells of terminal parenchyma sometimes flattened 
in the tangential plane 

Vessels solitary, in radial rows of 2-5, and less frequently in 
nests of 3-5, (M3 to a square mm , oval to orbicular, the largest 
reaching 130 microns in diameter, vessel members 200-450 microns 
in length, bluntly caudate to truncate, walls 3-6 microns in thick- 
ness, perforations simple, horizontal to oblique, intervessel pit 
pairs numerous and crowded, polygonal to orbicular or oval, 3~6 
microns in diameter, bordered, with linear-elliptical, horizontally 
aligned apertures extending to edge of the pit chamber, frequently 
several apertures horizontally confluent, pit pairs leading to rays 
and parenchyma abundant, many to each cell, orbicular to oval or 
less frequently oblong-oval to angled, 3-9 microns in diameter, 
semibordered, the border usually quite pronounced, tyloses not 
evident, yellowish brown gum plug® often at the perforations or 
rarely vossels completely filled with gummy infiltration 

Fibers tending to be radially aligned, fine, semilibriform to hbri- 
form, angled (cross-section), 12-20 microns in diameter, 400-1300 
microns in length, walls 4-6 microns in thickness, mterfiber pit 
pairs abundant, restricted to the radial walls, minute, simple, with 
Bhort elliptical, steeply inclined apertures, dark gummy infiltration 
scanty 

Parenchyma paratracheal, terminal, and metatracheal, in cambi- 
form rows of 2-5 (mostly 4) cells along the gram, frequently these 
divided further Into 2 to several compartments, each containing a 
solitary crystal , (a) paratracheal parenchyma fairly abundant, occur- 
ring as an interrupted unlseriate band about the vessels or frequently 
as occasional cells contiguous to the vessels, the cells flattened and 
reaching 40 microns in diameter, (5) terminal parenchyma abundant, 



North Sumatran “DjeroeL Oetan ** 


35 


forming 1-7-senate continuous or infrequently interrupted bandB 
which terminate the growth rings, occasionally two of these bands 
confluent (discontinuous growth rings) , (c) mctatrachoal parenchyma 
relatively sparse, occurring as isolated cells scattered through the 
fibrouB tissue or occasionally in short tangential bands similar m 
appearance to terminal parenchyma, cells of terminal and meta- 
traoheal parenchyma inserted in the radial rows of fibers and reach* 
ing 25 microns in diameter, walls about 2 microns in thickness, 
infiltration not evident 

Rays 6-13 to a mm, homogeneous, 1 -3-senate and up to 45 
microns in width, reaching 40 cells and 90 microns in height, composed 
entirely of procumbent cells, the cells frequently divided into two 
or more compartments, each containing a solitary crystal , traces of 
yellowish infiltration usually present, starch deposits not observed 

Material — Krukoff a second Sumatran Collection, No 4233, 
Soengei Masihi, Asahan, East Coast of Sumatra 

The wood resembles closely that of many other rutaceous genera, 
and the similarity to some of them is so great that it was very difficult 
or even impossible to find a basis for separation This fact is not 
surprising, for Janssomus (1908), in a study of eleven genera of the 
Rutaceae, pointed out that “The woods of all the species investigated 
differ only slightly from one another ” The following comparative 
study of “djeroek oetan” and several rutaceous genera was based 
on the writer's own anatomical descriptions of Memlha caloxylon 
(Ridl ) Swingle (Krukoff 308) and Micromelum pubescens B1 (Krukoff 
4359) and the published descriptions of Pearson and Brown for 
Evodia, Zanthoxylum, Murraya, Limonta, Atalantia, Fcronia, Aegle, 
and Chloroxylon (1932) , of Janssomus for Zanthoxylum, Lunasia, 
Aegle, Glycosmis, Murraya, Micromelum, Acronychia, Clausena, 
Citrus, Feroma, and Evodia (1908), of Kanebira for Acronychia, 
Clausena, Evodia, Zanthoxylum, Fagara, and Murraya (1921), 
and of Lecomte for Murraya, Feroma, and Acronychia (1925) Ex- 
cept for slight differences in texture it was not possible to find any 
reasonably constant basis for separation of “djeroek oetan” and 
Micromelum Murraya, Memllia, Atalantia Aegle, Glycosmis, and 
Limonta actdiesima L differ from “djeroek oetan” only m having 
lower rays (up to 22 cells high) and in lacking crystals in the ray 
cells, in all other anatomical features they are practically identical 
Limonta aetdtsstma L has been renamed Feroma hmoma (L ) Swingle 
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and is the only species in the genus In wood anatomy it differs 
appreciably from two species formerly included m the same genus 
(Feroma lucida Scheff and F elephantum Correa), which have 
recently been remov ed to the genus Feroniella Lunasia and Acrony- 
clna may be distinguished from “djeroik oetan” by the fact that 
their rays are in part heterogeneous Zanthoxylurn and Fagara 
come very close to “djiroek oetan” but paratracheal parenchyma 
is essentially wanting m both, likewise in Chloroxylon the para- 
tracheal parenchyma is more scanty, and the vessels are more 
decidedly radially grouped Evodia, Clauscna, and Citrus are quite 
distinct from all the foregoing genera in that they have more abun- 
dant paratracheal parenchyma and sometimes do not have the same 
clearly defined bands of metatrxcheal parenchyma 

In the latest system of classification (Engler, in Engler und 
Prantl, 1931) most of the genera whose wood structure resembles 
that of “djeroek oetan” are placed in the subfamily Aurantioideae 
On the basis of wood anatomy “djirotk oetan*’ would seem to 
b< long in this subfamily in the sub tribe Hcsperertthusinae, along 
with Micromelum, Mernlha, Murray a, and Olycosmis 
University of Michigan 
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THE DISTRIBUTION OF TUNC'US IN KANSAS* 


I HJ DFRICk J HFRMANN 

T HE flora of Kansas is of moit than usual interest because of 
the situation of the slate at the meeting point of the areas 
covered by our manuals of the western, eastern, and southern floras 
Rydberg’s and Nelson’s manuals cover an aioi extending east to the 
western boundary of Kansas, the 1913 edition of Small’s manual 
includes an area extending north to the southern bound try of the 
state, the seventh edition of Gray’s manual includes the eastern 
third of Kansas The entire state is covered only by Britton and 
Brown's manual, the western limit in which coincides with the west- 
ern boundary of Kansas and the southern limit with the southern 
boundary, and bv Rydtierg'h b lorn of thi Promts and Plains It 
is to be expected, then, that extensions of range which bring addi- 
tional species within the area eoveicd by the two northeastern 
manuals will occur more frequently in Kansas than in most other 
states 

A study of the Juncus material in the Kansas State Herbarium, 
which was generously loaned to the writer b> Dr l C Gates, has 
added three species and one variety to the areas included bv Gray's 
New Manual of Botany and the IN rated Flora of Britton and Brown 
These arc the sou them J vahdus Covillc, the western J baltieus 
Willd var montanus Engelm , J karmnus, a hitherto undescribcd 
species most nearly allied to the western J brachyphyHus Wiegand, 
and the western J neo-nuxteanua \\ iegand 

The genus as a whole is rather poorly represented in Kansas 
In the State Herbarium there arc only 15 species as compared, for 
example, with 22 known from Michigan and 24 from Indiana If 
Kansas is compared with coastal states, where the group is naturally 
more highly developed, its paucity of species is even more mailed, 
for California has 31 and New York 30 It is worthy of note that 

* Papers from the Departnn nt of Botany and the Herbarium of the Uni- 
versity of Michigan, No 468 
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J bufomus L , a species credited with a ubiquitous distribution in 
North America by all our manuals, is apparently totally absent 
from Kansas, or at least must be of rare occurrence there The 
most abundant species, by far, is / Torreyi Coville, represented 
by 62 collections in the Slate Herbarium Next are J interior 
Wiegand, represented by 38 collections, and J margmatm Rostk , 
represented by 17 collections 1 macer S F Gray, perhaps the 
most plentiful species tliroughout the eastern and most of the 
central states, is represented by only 6 sheets, all from the eastern 
border of the state 

Included in the State Herbarium material were three collections 
of a critical species belonging to the trilocular senes of the section 
Poiophylh, which it seemed at first might prove to be only a marked 
geographical vanety of J brachyphyllus Wiegand, but further study 
showed it to be also closely related to the eastern (chiefly of the 
coastal plain) J Greenei Oakes & Tuckerm and, also, to possess 
some affinity with the eastern J secundus Beauv , but to differ from 
all these so consistently m conservative morphological characters that 
it seems necessary to propose it as a new species, J kansanus 

KFY TO JUNCUS IN KANSAS 

a Inflorescence apparently growing from the side of the culm (the in- 
volucral bract terete, erect, and appearing like a continuation of the 
culm), leaves reduced to hladeles* sheaths 
b Stamens 3 opposite the m pals, inflorescence usually ample, green 
ish or straw -colored, rootstock short-cr<H ping with inconspicu- 
ous in to modes, culms densely clustered fi J ejfusu* var solutui 

b Stamens 0, opposite the sepals and petals, infloi csmice sparse, 
dark brown at maturity, rootstocks long-creeping, with con- 
spicuous intemodefl, culms usually well separated, arising in a 
single row 7 J balhcua var motdnnu* 

& Inflorescence obviously terminal (or, if not, the involucral bracts flat 
or channeled along the upper side), leaves with a wtll-developed 
blade 

b Leaves flat, or m age involute, not septate 

c Flowers inserted singly on the branches of the Inflorescence 
(not in heads), each with a pair of bracteoha at the base in 
addition to the hra< tlet at the base of the pedicel 
d Aunoles at the summit of the sheaths very thin, white and 
scarious, conspicuously produced above the point of in- 
sertion (1-3 5 ram long) 1 J macer 

d Auricles cartilaginous, yellow, very rigid and glossy, espe- 
cially the short produced portion, Inflorescence gener- 
ally compact and perianth widely spreading 2 J Dudley* 
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<1 Auricles firm, often cartilaginous along the mde below the 
summit, the very slightly produced portion membra- 
naceous, firm but not rigid (easily broken), pale brown- 
ish, infloroseenci generally loose 
c Capsule completely 3-cdlfd 5 / Jfcansanu* 

e Capsule 1 -celled or imperfectly 3-cellod, the septa 
extending about halfwaj to the center (irescent- 
shaped after dehiscenec) 

f Perianth 3-4 mm long, erect or slightly spread- 
ing, equaling the capsule 3 J trUenor 

f Perianth 4 5 5 mm long, widely spreading ex- 
ceeding the capsule 4 J neo-tnexteanut 

c Flowers m heads not bracteolate (le with only the bract at 
the base of the pedicel) 

d Stamen* exserted m fruit, the ovate, shining capsule 
usually exceeding the perianth, hi ads numerous (20- 
100), lew (2-5-) flow < red 15 J anslulatu $ 

d Stamens not exsuted m fruit, the obovatc, dull capsule 
shorter than the perianth, heads fewer (2-20), raany- 
(5 10-) flowered 

e Petals ovate or oblong, blunt 14 / marginatus 

e Petals lanceolate, anstate 14a J marginatm var sefcwus 
b leaves terete, hollow provided with septa 
c Stamens 3, opposite the sepals 

d Capsule tapering evenly to the tip or subulate-beaked, 
distinctly txceeding the calyx 
e Heads numerous, 2^7 flowered, inflorescence very 

large and diffuse 11 J dijfusuaimus 

e Heads few, dtnsily many flowfred 

f Capsule with a true beak, the valves in de- 
hiscence united above by the beak, their mar- 
gins re volute, stamens as long as the perianth 

9 / sctrpoide t 

i Capsule without a true beak, tapering evenly to 
the tip, the valves m dihiscenco flat and 
separating throughout, stamens about one 
half as long as the perianth 10 J ( 

d Capsule obtuse or acute, about equaling or slightly ex- 
ceeding the calyx 

e Heads l 50, several- *o many-flowered, perianth 
3-3 5 mm long 

f Capsule acute or acuminate 13 J ocumwatu * 

f Capsule obtuse or truncate, abruptly apiculate 

13a J ocuminatus f obiumtui 
e Heads 200-500, few-flowered, perianth 2-2 5 mm 

long 12 J ruxiatu* 

8 J Torrtyt 


c Stamens 6 
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8 ECU ON POIOWIYLLI 

1 J macer S F Gray, Nat Arr Brit PI , 2 164 1821, Fernald, 

Journ Bot , Die , 1930 

J tenuis of Gray's Manual of Botany, Seventh edition, and most 
American authors, not Willd 

Fields and roadsides, occasionally open woods Chiefly north- 
eastern counties 

Atchison Co , A S Hitchcock , Oct , 1H% L* avenwouih Co , 
G L Clothier and H N Whitford , Aug t, 1897 \\ v ando m Co , 

Argentine, M Reed, 1891 CHEUOKti Co , Monmouth, 1 A Jacobs 
59 Shawnk* Co , Auburn, P Mans W \baunsef ( o , 

Wabaunsee, P Mam 221 

J bufomus L , a small annual species with the inflorescence more 
than half of the height of the plant (that of the perennial J macer 
leas than one third of the height of the plant), should bo lookul for 
along muddy ditches, clay roadsides, tnd dried ponds throughout 
the state 

2 J dudli vi tyiegand, Bull lorr Bot Club, 27 524 1900 
Open sandy or sterile soil G< nc rally a talciplnle ('hie fly in 

northern half of stab 

Riley Co , Manhattan, B A hello man, M t Prospect, F Dale, 
J B Norton 528 (in part) ( loud ( o , 8 V Fraser 68 (in part) 
Saline Co, south of Iron Mound, J Hancui 1 6>£ Rooks Co, 
Rockport, F Bartholomew , June 1, 1890 ( omanche Co , A S 

Hitchcock, Aug, 1896 Freoo Co, Wa-heuiey, M Reed , July 8, 
1892 Dfcatur Co , A 8 Hitchcock , June 2, 1897 Shliudan Go , 
A S Hitchcock , June 21, 1897 

3 J interior Wieg ind, Bull lorr Bot Club, 27 516 1900 
Prain<*s and dry woods Chiefly m eastern two thirds of state 
Linn Co, G L Clothier and H N Whitfoid, Aug 9, 1897 

Bourbon Co , G L Clothier and H N Whitfoid , Aug 11, 1897 
Crawford Co , Pittsburg, P A Rydberg and R Imler 172, 174 (m 
part) Cherokee Co , A 8 Hitchcock , May, 1896 Labette Co , 
A S Hitchcock, Aug , 1896 Neosho Co , A S Hitchcock , Aug , 
1896 Allen Co , A S Hitchcock, S(pt, 1896 Anderson Co, 
A S Hitchcock, July, 1896 Montgomery Co , road between Caney 
and Havana, P A Rydberg and R Imler 4 T 0 Wilson Co , Roper, 
W H Haller , June 4, 1895 Coffey Co , G L Clothier and H N 
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Whitford, Aug 31, 1897 Shawnee Co , Lopika, B B hmyih , 1886, 
June, 1891, Aug 8, 1892 Jackson Co , bt Mary’s, J B Norton 
arid G L Clothier , July 4, 1895 Brown ( o , Fair\icw, B Jskinner , 
June, 1888 Nfhama Co , (7 L Clothier and H N 11 hitfoid, Inly 27, 
1897 Marshall ( o , G L C loihier and ll N Whit ford , July 25, 
1897 Rilfy Co , Manhattan, W A hi Herman, July, 1886, J B 
Noiton 528 (in part) Morris Co , JrM 11 estgate, Aug 10, 1898 
Clay Co , ( lay Center, C Weber 22 Dickinson ( o , 4 8 Hitch- 
cock, June, 1896 Marion ( o , J B Norton, Aug , 1898 Binnai 
Co , White Water, A S Hitchcock, July, 1892 t owity Co , Win- 
field, J F Maitin, 1888 Si dgwk k Co , Wichita, Af 4 Caihton , 
May 20, 1892 IIarvfv ( o , G L Clothier and II N 11 hitfurd, 
Aug 24, 1897 Me Phfrson ( o , McPherson, T A 11 cuujh, June 12, 
1886 Salinl f o , Saline, J flannn 201 I incoln ( o , 4 8 Hitch- 
cock, July, 1895 Ring Co, luicm, 4 *s Hitchcock , July, 1892 
Stafford Co , 4 *8 Hitchcock, Sept 1,1897 Osborn* Co, Covert, 
8 J Wehcr 22S Rush ( o , 1 8 Hitchcock, Aug , 1895 Ldwauds 
CM , 0 Finch Hifi Chiaennf Co, A 8 Hitchcock , h\nc 28, 1897 

4 J nlo-m* \icanu 8 W ligand, Bull Turr Bot Club, 30 447 

1903 Pi aims 

Shawnee Co , dry soil noith of Aubutn, V Mans (distributed as 
J haUicus), July 1, 1927 PkvjousI} re pm ted, apparently, only 
from Arizona and Now Mexico 

Immature specimens of J inttnoi, whu h have the capsule shorter 
than the perianth, should not be confused with this specie* 

5 J kansanus, sp nov 

Caules 2 5-6 5 dm alt i, vahch, ngidi, oricli, diain 13 18 mm , 
teretes vel paulo compressi, alte sulcati, folia cuule \ usque £ bre- 
viora, vagina laxa, pallida, margmibus membranuceis, uincuhs 
parvis (0 66 mm longis), firmis membranaccisquc, lamina 6-10 
cm longa, 0 76-1 3 mm lata, crassissima, plana vel paulo lnvoluta, 
lnfloresccntia temunalis, plunfiora, brevis et densiuscula, rarms 
adscendentibus, bracteae mferiores frondesa ntes 1-10 cm longae, 
quara mfloreacentta saltern infima longiores, florts confciti, plerum- 
quo ahquantulum secundi, vulgo ferrugmeo-strummei (aliquando 
palhde vindi-fusci), esepala pet alaque rigida, adscendentia, laneeo- 
lato-subulata, margmibus lutis scariosis, tnaequaha, sepala 4-6 mm , 
pctala 3 5-6 mm longa (plerumque fere 1 mm sepalis breviora), 
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stamina 6, pet alls dimidio breviora, filamentis quam anthens ob- 
longis dimidio brevionbus vet eaa fero aequantibus, fructus firmus, 
petala aequans, ovato-comcus, obtusatus vel truneato-emarginatus, 
Iatenbus ad bastm convcxis, supra planis, tnloculans, semina 0 55- 
0 6 mm longa, 0 2 mm lata, oblonga, plerumque paulo gibba, 
brevissune caudata, levifer reticulata — Specimen typicum, con- 
servatura m Herbano Collegn Manhattanensis, logit A S Hitchcock, 
Concordia, Cloud Co , Kansas, June 17, 1897 

Culms 2 5-5 5 dm high, stout, rigid, erect, 1 3-1 8 mm wide, 
terete to slightly compressed, deeply grooved, leaves one fifth to 
one half of the length of the culm, sheaths loose and pale with 
membranaceous margins, then auricles slightly produced (0 65 mm ), 
firm and membranaceous, blades 6 10 cm long, 0 75-1 3 mm wide, 
very thick and flat or somewhat involute, inflorescence terminal, 
many-flowered, short and rather compact, the branches ascending, 
bracts fohaceous, 1-10 cm long, at least one exceeding the inflo- 
rescence, flowers crowded, generally somewhat secund, usually deep 
stramineous (sometimes pale greenish brown), perianth rigid, as- 
cending, the firm, lance-subulate segments with broad scanous mar- 
gins, unequal, the sepals 4-6 mm , the petals 3 5-5 mm long (usually 
nearly 1 mm shorter than the sepals) , stamens 6, half as long as the 
petals, the filaments half the length of the oblong anthers or nearly 
equaling them , capsule firm, equaling the petals, ovateeomcal, obtus^ 
or truncate-emarginate, completely three-celled, the valves convex 
near the base, flat above, seeds 0 55-0 6 mm long, 0 2 mm wide, 
oblong, generally somewhat gibbous, very shortly caudate, finely 
reticulate 

With J interior and J Dudleyi, apparently on prairies 

Cloud Co, Concordia, A S Hitchcock , June 17, 1897 (dis- 
tributed as J tenuis, type), without locality, 8 V Frazer 68 (in 
part, most of the collection is J Dudleyt, distributed as J tenuis) 
Chautauqua Co , A S Hitchcock, Aug 8, 1896 (See note, p 47 ) 

In habit J kansanus bears a close resemblance to J brachyphyUus, 
in its capsule, a remarkable similarity to J Qreenei It differs from 
J brachyphyUus m its ovate-eomcal, rather than bluntly oblong, 
capsule, in its short, congested inflorescence, m its membranaceous 
auricles, which are much less prolonged than are the decidedly 
scarious auricles of J brachyphyUus, and m its narrower leaves 
(0 75-1 3 mm wide, in J brachyphyUus, 1 5-2 mm ) In J brachy* 
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phyUuB the capsules are generally largely concealed by the broad 
scarious margins of the appressed petals, whereas the more narrowly 
margined, merely ascending, petals of J kanwnus leave the capsules 
plainly visible From J sccundus it differs m its larger flowers and 
fruit (the penanth 5-6 mm , rather than 2 5-35 mm long), in its 
much narrower and firmer capsule valves, in its longer and wider 
leaves, and in having the bract much longer than the inflorescence 
From J Greenet it differs in having the capsule shorter than the 
penanth, the penanth segments lanceolate-subulate rather than 
broadly ovate, the seeds with obsolete longitudinal nbs, and the 
leaves flat rather than terete 

J Vaseyi Engeim and J confusus Coville, both species with 
three-celled capsules, are to be sought in Kansas, the former along 
the northern border, the latter in the northwestern counties J 
Va$eyt may be known from any others in this subgenus by its very 
long tailed seeds, capsule longer than the perianth and nearly terete 
leaves J confusus has a strongly retuse capsule and longer leaves 
less than 1 mm wide 

SECTION GENUINE 

6 J effususL var solutus Fernald & Wiegand, Ilhodora, 12 90 

1910 

Marshes and moist meadows 

Crawiord Co , six miles southeast of Pittsburg, P A Rydberg 
and R Irnler 1 72 This specimen approaches var Pylaet (Laharpe) 
Fem & Wieg in having a slight tendency toward sulcate culms and 
in having occasional flowers m which the stpals excu d the penanth 
and capsule 

7 J BAiiTicus Willd var mon tan us hngeltn , Trans St Louis Acad 

Set, 2 441 1866 

Wet plains Chiefly southern counties in western half of state 

Reno Co , A S Hitchcock, Aug 25, 1897 Stafford Co , A S 
Hitchcock , Sept 1, 1897 Gray Co , A S Hitchcock , Sopt 1, 1897 
Seward Co , M A Carleton, Oct , 1892 Morton Co f A 8 Hitch- 
cock, Aug , 1895 Cheyenne Co , A S Hitchcock , June 28, 1897 

SECTION SEPT ATI 

8 J torrbyi Coville, Bull Toir Bot Club, 22 303 1895 

Wet, open soil Throughout 
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Wyandotte Co ,K K Mackenzie , June 27, 1895 Johnson Co , 
O L Clothier ami I 1 N Whitford, Aug 7, 1897 Miami Co , Paola, 
A S Hitchcock, Aug , 1892 I inn (o, bt tween Pleasanton and 
Prescott, P A Rydbeig and R Imter 116 Bourbon Co, G L 
Clothier and II N Whitford, Aug 11, 1897 Labeith Co, Labette, 
G L Clothier and H N Whitford, Aug 18, 1897 Nfosho ( o , 
A 8 HiUhtock , Jul>, 18% Allin to , A 8 Hitchcock , Jul>, 1896 
Anderson Co, A 8 Hitihcock, July, 1896 jb hanki in Co, A 8 
Hitchcock , July, 1896 Douglas Co , Z D F Brawn, Aug 10, 1896 
Brown Co , G L Clothier and H N If hilford , July 29, 1897 Jack- 
son Co , St Mary's, J B 8 Norton and G L Clothier , July 4, 1895 
Shawnfe Co , noithcast of Auburn, P Mann, July 14, 20, 21, 1927, 
Topeka, E A Popenoe , June 29, 1878 Osage Co , Z D E Brown, 
Turn 5, 1899 Cofffy Co G L Clolhur and H N Whitford, 
Aug 31, 1897 Wilson Co, Hope r, W H Haller, June 4, 1896 
Montcomthy Co , fiv* milts noitheast ol Caney, P A Rydberg and 
R Imler 4^5 Giu* enwood Co , Eureka, A S Hitchcock, July, 1892 
Pottawatomif Co , St Gc orgt , G L Clothier , Aug 3, 1895 Nt- 
hama Co , G L Clothier and II N B hitford, July 7, 1897 Rile\ Co , 
Manhattan, C II Thompson, July 26, 1892, Sand Lake, Manhattan, 
F C Gates 14076 Morris Co , J M B estgate, Aug 10, 1898 
Cowi ei Co, G L Clothier and H N Whitford , Aug 22, 1897 
Sedgwick Co , G L Clothier and II N Whitford, Aug 24, 1897 
Sumner Co , Wellington, A S Hitchcock, July, 1892 Marion Co, 
J B Norton, \ug , 1898 Saiinf Co , Saline, A W Jones, May 4, 
1892, southwest of Falun, J Hancin 403, three miles south of Iron 
Mound, J Hancin, June 17, 1931 Ottawa Co , A S Hitchcock , 
July, 1895 Clay Co , Clay Center, C Web* r 313, 314 Cloud Co , 
8 V I rater 62 Washington Co , G L Clothier and H N Whitford, 
July 24, 1897 Republic Co , Scamha, D K Thomas, 1890 Jewel 
C o , Webber, J B S Norton, Sept 23, 1895 Mitchei l Co , M A 
Carleton Kingman Co , A S Hitchcock, Aug 23, 1896 Harpf r 
C o , A S Hitchcock, Aug 11, 1896 Barber Co , Medicine Lodge, 
A S Hitchcock, July, 1892 Pratt Co , A 8 Hitchcock, Aug , 1896 
Obbornf Co , Portia, 8 J Neher 295 Phili ips Co , II W Baker , 
Nov , 1899 Kiowa Co , A 8 Hitchcock, Aug , 1896 Comanche 
C o, A 8 Hitchcock, Aug 17, 1896 Fom> Co, Dodge City, A S 
Hitchcock, July, 1892 Hodgeman Co , A 8 Hitchcock, Aug , 1895 
Trego Co , A 8 Hitchcock, July, 1895 Graham Co , A 8 Hitch - 
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cock , June 6, 1897 Dfcatur Co , Jennings, B B Smyth 654 
Sheridan Co , A S Hitchcock, June 21, 1H97 f C Weber $7$ Mfadf 
C o , A 6 Ihkhcock, S<pt 1, 1897 Sfwaiu> l o, Cirri in on River 
bottom along US 54, h C OqIch IbS/fi Cut* enn* Co, 1 S 
Hitchcock , June 2H, 1897 

J nodosus L may bt looked for along the northern border of the 
state It w v smaller, more slender plant than J Torreyi, differing 
from it m hiving the jietals equaling or exceeding the sepals (in 
J Torreyi the petals are cloarlv shoi ter th in the sepals) and in hav ing 
a shorter perianth (3 4 mm long, in J lornyi 4-5 mm long) 

9 J suRPOiDfb Lam , V nc>cl Moth Bot , 5 267 1789 
W< t, sandy soil 

Stah-ord Co , A S Hitchcock, Sept 1, 1897 
J brachycaipus Kngtlm , which somewhat resembles this spenes 
but has spherical rather than hemispherical heads, sepals exceeding 
the petals, and the mature capsule only one half to two thirds of the 
length of the calyx, may occur in the southeastern section of the state 

10 J validus Covilk, Bull Tor r Bot Club, 22 305 1895 
Wet, sandy piairics Southf astern countic s 

Chautauqua Co, A *S Hitchco<k, Aug 8, 189b (distributed as 
J sctrpotdes) 

J polyuphalus Michx , similar to this species in inflorescence but 
with very broad, flat (laterally compressed), and incompletely sep- 
tate leaves and capsule with a true beak, should bt looked for m 
the southeastern counties 

11 J diffusissimus Bucklty, Proc Acad Nat Sci Phila,9 1862 
Low grounds Chiefly extern half of state 

Crawford Co , north of Pittsburg, P A Rydberg and R Imkr 
140 Cherokee Co , A S Hitchcock 843 Montgomery Co , <7 L 
Clothier and H N Whiford , Aug 19, 1897, near C&ncy golf links, 
P A Rydberg and R Imlei 4^7 Saline Co , prairie south of Iron 
Mound, J ton 316 Cloud Co , S V Fraser 66 , 67 Kingman 
Co , A S Ihtchcock, Aug 23, 1896 Sheridan Co , C Weber 386 

12 I nodaius Covdlo, Britt k Brown, III FI N U S , 1 482 1913 
J robustuB Coville, not 8 Wats 

Swamps Eastern half, chiefly southern counties 
Cherokee Co , A S Hitchcock 843, 0 L Clothier and H N 
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Whitford, Aug 14, 1897 Neosho Co , A S Hitchcock, Aug , 1896 
Anderson Co , A S Hitchcock, July, 1896 Cloud Co , S V Fraser 
65 

13 J acuminatus Michx , FI Bor Am , 1 192 1803 
Marshes and low fields 

Saline Co , J Ilanctn 1603 

J debihs Gray, a lower plant with 2-7-flowered heads and capsule 
distinctly exceeding the calyx, and J canadensis J Gay, which has 
definitely tailed seeds and the capsule usually somewhat longer than 
the calyx, may occur along the eastern border of Kansas 

13a J acuminaius Michx , forma obtusatus, f nov 

A forma typica reccdit fructu brtvi obtusissimo vel truncato 
abrupte apiculato et foliis flaccidis Specimen typicum in herbario 
F J Hermann, June 16, 1933, Repaui>o, Gloucester Co , New Jersey, 
F J Hermann, No 4444 

Differs from the typical form in its short, very blunt to truncate, 
abruptly apiculate capsule and in its flaccid leaves which are very 
flat when dry 

Pottawatomie Co, J B Norton 529 

SECTION GUAMINIFOLII 

14 J mauginatus Rostk , Monog June , 38, Plate 3, Fig 3 1801 
Low, sandy fields Eastern half of state 

Linn Co , Pleasanton, A S Hitchcock, Aug , 1892 Bourbon 
Co ,0 L Clothier and H N Whitford, Aug 11,1897 Crawford 
C o , P A Rydberg and R Imler 174- (m part) Neosho Co , A 8 
Hitchcock , July, 1896 Franklin Co , A S Hitchcock, July, 1896 
Montgomery Co , P A Rydberg and H N Whitford 427 A (in part) 
Elk Co, 0 L Clothier and H N Whitford , Aug 20, 21, 1897 
Pottawatomie Co , St George, J B S and J B Norton and G L 
Chthier, July 23, 1895 Cloud Co , S V Fraser, 63, 64 Saline Co , 
west of Brookville, J Hancin 467 Fllsworth Co , Kanopolis, M 
decker, 1896 Kingman Co , M A Carleton , Sept , 1891 

14a J margin atus Rostk var setosus Coville, Proc Biol Soc 
Wash, 8 124 1893 
J setosus (Coville) Small 
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Kingman Co f M A Carlcton, Oct , 1892 

In Kansas, where this variety probably reaches the northern 
hunt of its range, there are found all intermediate stagts between it 
and the typical sptcics J xetofms (Co wile) Small cannot, therefore, 
be accorded more than the varietal rank originally assigned to it 

15 J AiusTtrLArus Michx , hi Bor Am , 1 192 1803 

Moist meadows Eastern half of state, chiefly southirn counties 
Linn Co , Pleasanton, A *S Hitchcock, Aug , 1892 Cuawfohd 
Co , six miles south of Pittsburg, P A Rydberg and R Imier 174 (in 
part) Montoomkky Co , P A Rydberg and R Imler 427 A (m part) 
Elk Co , Q L Clothier and H N Whitford , Aug 20, 1897 Saunl 
C o , west of Kipp and southwest of lion Mound, J Hancin 90 1 

Univbrsity of Michiqan 


8UPPLLMFNTARY NOIL 

When this pap< r went to pr< ss the only known stations for 
J kansanus were those cited above, all in Kansas A specimen irom 
Missouri has recently beei locaUd, howcwi, m the University of 
Michigan Herbarium This was collected by Rev John Davis (No 
8824), Tune 25, 1917, on dry, rocky slopes at Kolia, Pike County, and 
distnbuted as J interior The collection is a mixture containing a 
few culms of J interior , but it is largely J kansanus 




POLLEN STATISTIC’S FOR TWO BOOS 
IN SOUTHWESTERN MICHIGAN 


PAW K HOUPEk 
LO< A riGN Ot THE BOOH 

T HL two bogs under consideration art but twenly-fhc miles 
apart in the south western corner of the Southern Peninsula 
of Michigan One of thun, tlu Stc\cnsvilJe Bog, is about three 
and one-half miles southwest of tlu ullage of Stevtnsulle, Berrien 
County , Michigan, and one-fourth mile west of Umtul States High- 
way No 12 It occupies a small circular depression approximately 
one hundred yards in diameter in the southwest corner of the Grand 
Marais lake region which lies between the sand dunes and the sup- 
posed former shore of Lake Michigan Ihis dune bog is well ad- 
vanced, haung a tiny bit of open water surrounded by the usual 
stages of plant succession r lhc surface \egetation is typical of 
similar areas in this region, and since many accurate lists are a\ ail- 
able, notably one by Fuller (3), the species arc not here enumerated 
Hall Lake Bog is four miles cast of the village of Hartford, Van 
Buren County, Michigan It lies just south of United States High- 
way No 12, at the west end of Hall Lake 1 he mat extends entirely 
across the west end of the lake about a hundred yards from the west 
edge of the deprcasion The lake proper is roughly oval, being three 
tenths of a mile in its greatest diameter It lies in a glacial depression 
and is slowly being filled by the bog I he mat is well formed, and, 
although apparently grounded, it is \ery wet The surface of this 
bog is not so mature as that of the Stcvensv die Bog 

methods 

Collecting — Samples of the deposited materials wore collected 
at half-meter depth intervals by means of a Hiller peat borer Those 
for microscopic examination were very carefully remo\od from the 
centers of the cores and placed in glass tubes Two or three samples 
were taken from different positions along each core Larger ones 
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Fia 1 Pollen diagram, Steven svi lie bog 

for gross examination were taken from each core and placed m tight 
paper boxes 

Preparations — The peat was prepared for microscopic examina- 
tion in accordance with the method described by Voss (6) A small 
quantity was boiled in ten per cent solution of potassium hydroxide, 
then twice decanted, washed, and centrifuged Some of the peat 
was then mounted in glycerine jelly under large cover glasses J E 
Potsger, in a paper read before the botany section of the Indiana 
State Academy of Science, Indianapolis, December 5, 1931, objected 
to the use of potassium hydroxide on the basis that it would distort 
the pollen grains No demonstration or other evidence of the amount 
or the character of the distortion was offered It is reasonable to 
expect some distortion, but until a better method of loosening the 
pollen grains from the other m&tenals in the peat has been discovered, 
the method given seems to be the most practicable As pollen grains 
are known to be everywhere present m dusts, constant care was 
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TABLE 1 

Percentages ok the Significant Trek Pom knn Stkvensviiie Bog 
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1 3 


00 

1 1 
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0 0 

53 
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1 00 

06 

50 

44 3 
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06 
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0 0 

57 

41 0 

1 22 


46 
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0 5 
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2 5 

5 0 
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1 36 
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26 2 

06 
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3 1 


0 5 

20 
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05 

36 

26 7 
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40 

0 6 
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56 3 

1 0 

20 
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16 

06 

! 16 7 


06 
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06 

26 


10 
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51 4 
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22 
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13 

06 
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82 0 

t 9 

2 6 
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150 

06 


23 0 

1 9 

06 








71 6 

00 

1 3 

73 4 


taken to avoid contamination For gross examination the pint was 
boiled in ten per cent potassium hydroxide solution, filtered, washed, 
and spread out in a large shallow glass dish Illumination from be- 
low aided in sorting out the plant parts 

Examination and identification — lhe pollen grams were ldtnti- 
fied by comparing them with modern pollens Through the courtesy 
of the Field Museum of Natural History of C hicago a collection of 
pollens was made from preserved specimens in their herbarium 
Hundreds of grains were examined and measured to determine the 
sizes and size ranges for some of the types that are difficult to identify 
Sear’s work on pollen (4) was extremely helpful in the identification 
One hundred and fifty to two hundred and ten pollen grains weie 
counted for each sample Peat types were determined by compari- 
sons with type samples named by Dr Q Erdtman, of the University 
of Stockholm, and by examination of the peat for plant remains other 
than pollen grains 
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Fio 2 Pollen diagram, Hall l4ike 1 >or 

Obviously diagrams could not be used to represent all the pollen 
grains found Only the more significant ones have thus been repre- 
sented in the tables of results which follow Salix, Lanx, Corylus, 
and Alnus are so general m their distribution that, in accordance with 
a suggestion from Dr Frdtman, their pollens were omitted from 
the calculations PolU n frequency is the calculated number of pol- 
len grains to be found on one square centimeter of the slide of that 
sample 

HFSUt/TS 

Ihe results of the investigation are presented in the pollen dia- 
grams (Figs 1-2) and the tabulated pollen percentages (Tables I-II) 

SIGNIFICANCE. 

Pollen percentages — According to Auer (1), “ The pollen content 
of the successive layers of the individual peat bogs is a direct indi- 
cation of the comparative abundance of the different kinds of trees 
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TABLh II 


Pp ROC NT AGES OP THE SlGNIHCANT TREE POLIKNH, HaI L I AKB BoG 
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growing as the peat layers formed n If this statement is true, this 
investigation shows changes in the tree floras of the regions in which 
the deposits occur The older deposits in th< SUvensville Bog con- 
tain a predominance of Quercus-Ulmus pollens The later ones show 
a reduction of the Quercus-Ulmus with an increase of Pinus pollens 
In the Hall Lake Bog the oldest deposits contain a decided pre 
dominance of Abies pollen I his diminishes rapidly in favor of the 
Pinus pollens In the next younger deposits the Quercus-Ulmus 
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pollens predominate, continuing to the surface In the more recent 
deposits there is a slight reduction in the Quercus-Ulinus and a gain 
in Pmus pollens The greater antiquity of the bottom layers of the 
Hall Lake Bog is quite evident from the predominance of Abies 
pollen This ib typical of the majority of bogs in this region that 
have been investigated by Auer (1), Sears (5), and Voss (6) It is 
very likely that deposition of material began considerably later in 
the Stevensville Bog than In the Hall Lake Bog Further work is 
neoded before conclusions can be drawn These studies may lead 
to a comparative statement regarding the age of the dunes In the 
later deposits there is considerable variation in the several pollen 
percentages of the two bogs This would seem to indicate that the 
immediate vicinity of the bog has some influence on the pollen 
content of the deposited material It also indicates that perhaps 
safer conclusions can be drawn from the study of a number of bogs 
in a given region than from the investigation of a single deposit 

Hie primary conclusions of most of the investigations in this 
field have concerned climatic changes inferred from changes in the 
flora as indicated by the pollen grains found at the different levels 
Doubtless many of these conclusions are well founded Some of 
the pollen percentage changes shown in the results of this investiga- 
tion would be interpreted by certain workers as indi eating climatic 
changes A report on but two bogs is, perhaps, not the place for 
such interpretations 

Peal types — The peat types indicate the character of the surface 
at the time of deposition The mud at the bottom of Hall Lake Bog 
is similar to that found m the bottoms of new lakes It is composed 
of material washed in from the surrounding terrain, some marl, and 
a small amount of completely decayed vegetable material The 
jelly-like ooze shown in Figure 2 is regarded by Davis (2) as having 
been deposited under a Carex mat The author found such material 
under open water in front of a Carex mat in Mud Lake Bog near 
Douglas Lake, m the northern part of the Southern Peninsula The 
other peat types above the jelly-like ooze contain sufficient plant 
remains to make their origin quite obvious In the Hall Lake Bog 
they are similar to those found by Voss (6) in the Antioch Bog and 
by the author in a northern Michigan bog now under investigation 
There is little doubt but that they represent the different methods 
of filling of which a record is found m the glacial depressions of 
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this region The peat types of the Stevensville Bog are individually 
identical with some of the types in the Hall Lake Bog, but the entire 
section indicates a development quite different in character and, 
perhaps, m rate As indicated in kigure 1, the deposits at the two 
and the two and one-half meter depths m the Kiev ensvillc Bog are 
almost pure sand This might have been water-born, but it was 
probably blown in at the time of the formation or the shifting of the 
neighboring sand dunes 

Pollen frequincy — If a uniform proceduie is followed in the 
preparation of the slides, the pollen counts will indicate the relative 
amount of pollen grains in the different types of peat or other de- 
posited materials I here seem to be four factors that affect the 
amount of pollen grains m a peat sample first, the amount of 
pollen that falls on the area, second, the ability of the surface to 
receive the pollen, third, the preservative qualities of the material 
which receives the pollen, and, fourth, the resistance of the pollen 
grains to decomposition In the two bogs investigated there seems 
to be a distinct correlation between the peat types and the poden 
frequency This is best illustrated between the five and twenty-two 
hundredths and the eight and twenty-two hundredths meter depths 
of the Hall Lake Bog Here we find changes in the pollen frequencies 
at the same depths as the changes in the peat types It is interesting 
to note that at the same levels thtre arc few, if any, changes in the 
pollen percentages 

SUMMARY 

1 The two bogs investigated exhibit striking differences 

2 Deposition of material probably began considerably later in 
the dune bog (i e the Stev ensville Bog) than in the glut ml depression 

3 The Hall Lake Bog gave results that are similar to those se- 
cured by other workers on other bogs in this region 

4 The Hall Lake Bog indicates a forest succession in that region 
of Abies, Pinus, and Quercus-Ulmus 

5 Correlation of bog studies such as these may throw light on 
the problem of the age of the dunes 
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NEW OEDOGONIA COLLECTED IN CHINA II* 


CHIN-CHTH JAO 1 


I N 1HL preceding volume of the Paper a (19 83 92) the writer 
began a series of articles on Chinese Oedogoma, of which this 
is the second His sister, Miss 1 u Jao, has continued to make 
collections that yield interesting new specits, and others ha\e come 
to hand from other sources The numerous mw specter recently 
described by tht wnter from a locality so much frequented by 
botanists as Woods Hole, i\I issachu setts, indicates thit the pub- 
lication of Him’s great monograph by no means It ft Oedogonium 
a w orked-out group It is < he refore not to be w onde rt d at that China 
continues to lie productive of novelties 


Oedogonium brevicmgulatum, sp no\ 

(Tab X, 1 >gg 1 3) 

Oedogonium monoioum, oogomis singulis, paululum tumidw, obo- 
viforrru-globosis \ el oboviformibus, poro superiore apertis, oosporis 
globosia, longitudmahter oogonia non complcntibus, membrana laevi 
et frequenter crassa, antheridns 1- vcl 4-celluhH, subepigyms, sub- 
hypogyms, vel sparsis, pkrumque cum celluhs vegetativis alter- 
nantibus, sperrnatozoidns bims, divisione horizontal! natis, cellula 
terminal! apiculata, ccllula bisali brevi, interdum kvitcr tumida 


CoUuUk vegftfttiv&e 

Oogonia 

Oosporia 

Cellulac anthendn 


(22) 25-32 g diara , 48-125 0 g long 
38 51 g diftm 48 58 0 g long 
35 -45 g djam , 38-45 0 g long 
25-29 g diara , 3-6 5 g long 


Monoecious, ohgomum sohtaiy, a little tumid, obo\ oid-globose 
to obovoid, pore superior, ofispore globose, not filling the odgonium 
longitudinally, spore wall smooth and often thick, anthendia 1-4, 
subepigynous, subhypogynous, or scattered, mostly alternating with 

• Papers from the Deportment of botany of the (Tnivermty of Michigan, 
No 465 

1 Fellow of the China Foundation for the Promotion of Education and Culture. 
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the vegetative cell, sperms 2, division horizontal, terminal cell apic- 
ulate, basal cell short, soirietimes slightly swollen 


Vegetative cells 

O6goma 

Oospores 

Anthendia 


(22) 25 32 p diftm , 48-125 0 y long 
38-51 y diam , 4& 58 0 y long 
35-45 y diam , 38-45 0 y long 
25-29 y diam , 3-6 5 y long 


This species hits the appearance of Oe geniculatum Hirn It 
differs, however, in the smaller dimensions of all cells and in that 
the oospores are regularly globose It also has some characteristics 
of the groups of Oe capxlU forme IvtUzing k Witt rock and Oe princep8 
(Hassall) Wittrock, both of which, however, are dioecious 

(Collected in rice farm near Lu-Tian-Tsc, about nine miles west 
from Chungking City, Szechwan, West China, by Miss Tu Jao, 
June, 1933 Filaments abundantly scattered in II ydrodictyon reitcu- 
latum (L ) Lagerheim, Oedogontum Kurzu Zeller, Ot crassum (Has- 
sall) Wittrock, Oe sjnralidvnh Jao, Spirogyra tntoita Jao inedit , and 
some blue-green algae Types in C C Jao collection and in Herb 
Mich Umv , Nos 8497 and S504 


Oedogomum peipingense, sp nov 

(Tab X, Figg 4-8) 


Oedogomum dioicum, macrandnum, oogonus singulis, obovifor- 
mibus, operculo apertis, circumscissione supenore, angusta, oospons 
globosis, ranssune subglobosis, oogoma non complentibus, membrana 
laevi , anthendws 2- vel 5 (vcl ?)-oelluhs, saepe cum celluhs vegetati- 
vis alfernantibus, spermatozoidas bims, divisione honrontah natw, 
cellula basah aut tumida aufc non tumida, cellula terminal! apice ob- 
tusa vel setiformi longitudine usque ad 310-378 m 


Coll veg , plant* fern 
Cell veg , planta masc 
Oogoma 
Ooapona 

Cellulae anthondu 
Cellulae basales 


16 “29 y diam , 55-160 y long 
16 26 y diam , 55-122 y long 
61-68 y diam , 71-96 y long 
51-61 y diam , 51-66 y long 
17-23 ju diam , 18-23 y long 
19-32 y diam , 96-103 y long 


Dioecious, maorandrous, ofigomum solitary, obovoid, operculate, 
division superior, narrow, oospore globose, very rarely subglobose, 
not filling the oOgonium, spore wall smooth, antheridia 2-3(-?), 
often alternating with the vegetative cell, sperms 2, division hori- 
zontal, basal cell tumid or not, terminal cell apically obtuse or 
piliferous and reaching a length of from 310 p to 370 p 
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Vegetative cells, female plant 
Vegetative cills male plant 
Otfgoma 
OtieporpH 

Anthendia 
Basal cells 


16-29 /i diam , & > 160 p long 
16 26 p dum '>5*122 p long 
61 68 p diam ,71*96 p long 
51*61 p diam 51 66 p long 
17*23 p (ham , 13 23 p long 
19 32 /i diurn 96-103 p long 


In this genus the largest known species which is characterised 
by the macrandrous habit, operculate oogonium, and smooth ohspore 
is Oe duncum Carter N Carter’s desen pi ion is so imperfect that 
it leaves doubtful the number and the \crtical division of the sperms, 
and is quite insufficient and \ag\u with regard to all the measure- 
ments This species was found m India by Carter only and nobody 
has described it again The ntw species, Ot peipmgenxe, is near 
the Indian form, but with only Carter’s description, aside from which 
no data are a\ affable, it is very hard to compare the two plants 
In some respects the appearance of this new species is similar to 
that of Oe ]\dmtachn West & West, Oe wwt me Tiffany, and Oe 
Pnngshewm Cramer <& Wittrock, but it differs from them chiefly 
in having larger dimensions and a solitary oogonium, and in some- 
times having the terminal coll elongating into a piliferous tip 

Collected in the southwest moat of Peiping, by the writer, June, 
1928 Filaments scattered, accompany mg Oe cryptoporum Wittrock, 
Oe cnapum (Hassall) Wittrock, Vmiefurm <r fssffn (lauch ) l)e Can- 
dolle, Sptrogyra audriaca Czurda, S pralenais Transeau, S ihizopoda 
Jao inedit , and several filamentous blue green algae Types m C C 
Jao collection and in Herb Mich Uwv , Nos H242 81 and 01 


Oedogonium inframediale, sp nov 

(Tab XI, Figg 9-10) 

Oedogonium dioicurn, nannandrlum, gynandrosporum , oogonus 
singuhs, subglobosis, globosis, \ el ahquantum subobov iformi-gloljosis, 
poro infra medium apertls, noapons globosis \el subglobosis, oogoma 
vix complentibus, episporio echinato, echims ad 6 5 p longis, andro- 
sporangiia l-5-collulis, epigynis \ t 1 dispersis, nannandnbus paululum 
curvatte, stipitatis, in colluhs sufful torus sedentibus, anthendus soli- 
tarils, extenonbus, spermatozoidus bin is 

Cettulae vegetativae 13 21 p diam 41*90 p long 

Oogonia 38-48 p dtam , 38-45 p long 

Ooaporae 37-44 p diam , 35-41 p long 

ccltutae sufful toriae 16 26 p diam 54-61 p long 
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Androsporaugia 13-16 p diam , 6-16 p long 

Naunandrw stipes 8 10 p diam , 22 24 p long 

Ollulac antheridn 0-7 p diam , S-12 p long 


Dioecious, nannandrous, gynandrosporous, oogonium solitary, 
subglobose, globose, or somewhat subobov oid-globose, pore mfra^ 
median , oospore globose or subglobose, nearly filling the oogonium, 
outer spore wall echmatc, spines up to b 5 p in length, androsporan- 
gia 1-5, suliepigynous or scattered, dwarf male slightly curved, on 
the suffultory cell, antlu ridium 1, (xttrior, sperms 2 


Vtgdativc cells 

Oogunia 

OOspoica 

Suffultory cells 

Androsporaugia 

Mole stipes 

Anthonditt 


13-21 p diam , 41-90 p long 
18-48 p diam , 38-45 p long 
17-44 p diam , 35-41 p long 
16 26 p diam , 54-61 p long 
13-16 p diam , 6-16 p loug 
8 10 p diam 22 24 p long 
6-7 p diam , 8-12 p long 


This species is characterized by the mframednn pore, the smaller 
vegetative cells, and the diameters of the odgoma and oospores, 
which are generally greater than thur lengths, in contradistinction 
to Oe hyatriz Wittrock 

Collected in a pond near fcluh-thiao-Ch’ang, about ten miles 
westward from Chungking, Szechwan, West China filaments scat* 
tered among many other filamentous algae Types in C O Jao 
collection and in Heib Umv Mich , Nos S615 01 and 02 


Oedogomum oblongum Wittrock var fusiforme, var nov 
(Tub XI, Hgg 11-13) 


Oedogomum monoitum, oogonns singulis, elhpsoideis, valde 
medio mflatis et utnnque angustatis, operculo supremo apertifl, 
matuntate frequenter deciduis, oospons elhpsoideis, raro subelhp- 
soideis, oogoma non vel fere complentibus, membrana laevi, anthen- 
this frequenter 1, mterdum 2 3, subepigyms vel subhypogyms, raro 
disperses, spermatozoidus bims, divisione honzontah natis, cellula 
basafi subtiliter tumida, plerumque celiulis vegetativis mfenonbus 
aequilonga, celluhs supenonbus vegetativis plerumque brevionbus 
quarn infenonbus, cellula terminal! obtusa 


Ccfiulae vegetativae 

Oogoma 

Oosporae 

Cellulae anthtndu 
Cellulae basales 


3 5-7 5 p diam , 25-58 p long 
22 0-29 0 p diam , 48 55 p long 
13 0-19 0 p diam * 22-32 p loug 
3 5-8 0 p diam , 6-10 p long 
6 5-9 5 p diam , 41-55 p long 
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Monoecious, oogonium solitary, ellipsoid, much inflated toward 
the middle and narrow at both ends, opcrculate, division supreme, 
often deciduous at maturity, oospore ellipsoid, rarely subelhpsoid, 
not or nearly filling the oogonium, spore wall smooth, anthendia 
usually solitary, sometimos 2 3, subepigynous or subhypogynous, 
rarely scattered, sperms two, division horizontal, basal cell slightly 
swollen, usually as long as the low cr vogotatn e cells, uppi r vegetative 
cells usually rather short* r than the lower ones, terminal ct 11 obtuse 

Vegetative cells 3 5 7 5 g diam , 25 'SR g long 

Oogoiua 22 0-29 0 p diam ,48 5 » ju long 

Ofopores 13 0-19 0 p diam 22-32 g long 

Anthendia 3 5-8 0 n dtiun 6-10 n long 

Basal cells 6 5 9b m diam , 41 -5 r > m long 

This variety distinctly differs from its type in having more 
slender vegetative cells and m rather larger oogoma containing 
smaller oospores Ot oblongutn Witt rock f majus (Nordstedt) Hirn 
and f aphaertcum (Hallas) Him both have larger \egetative ceils, 
obspores, and anthendia, whereas the oospores of the second form 
are globose, and so these are quite noddy distinguished from this 
new vanety In some respects the new' vanity resembles ()c oblon - 
gellum Kirc liner and Oe graedham Witt rock & Lundell, but it is 
distinguished from the first by its slender ugetative ceils, longer 
and median swollen ellipsoid oogoma, narrower odsporcs not filling 
the obgonia, and subepigynous, subhypogynous, or sometimes scat- 
tered antheridia, and from the second by rather longer vegetative 
colls and by larger ellipsoid obgonia much inflated toward the middle 
and narrow at both ends 

Collected in a rice farm at I m-( Tna-Tan, about one and one- 
half miles westward from Riangpei C lty and in a pond near Shih- 
Chiao-Ch'ang, about ten miles westward from Chungking, Szechwan, 
West China, Dec , 1933 Filaments attached to the rotten leaves of 
water grasses and mixed with many other filamentous algae Types 
inCC Jao collection and in Herb Umv Mich , Nos 8549 and 8615 

Oedogomum Pringsheimu Cramer <fc Wittrock var brevius, 
var nov 

(Tab XI, 1 tgK H-15) 

Oedogomum dioicum, macrandriuni , oogotms 1 3, depresso- 
globosis vei suboboviformi-globosis, operculo apertis, circumscis- 
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sione supcnore, oospons forma oogonns similibus et ea complentibus, 
membrana laevi, cellulis suffultorun plus rmnusve tumidis, anlhcrt- 
dus 2-^6-celluiis, saepe cum cellulis v ( getativ is alternantibus, spe rma- 
tozoidus buns, division© homontah natis, filamentis ahquantum 
abbreviate, infenonbus cellulis vegetative gracihonbus efc longion- 
bus quara supenortbus , cellula basalt subtiliter tunnda et elongata, 
ceilula terminal! late obtusa vel apiculata 


Oil veg , planta fem 

Coll V4 g , plantft muse 

Oogonia 

Ooapor&e 

Cell euffultoriae 

C< 11 anthendu 

Cell btwales 


13-22 m di&ra 10-48 m long 
1<M 9 ju diam , 12-51 m long 
29 37 p diam , 26-38 fx long 
20 U n diam , 21-35 g long 
16-26 p diam , 19 32 p long 
10-16 (A diam , 6 10 p long 
16 20 p diam , 57-64 p long 


Dioecious, macrandrous, oogonia 1 3, depressed-globose or 
subobo void-globose, optroulate, division superior, oospore of the 
same form as the odgomum and filling it, spore wall smooth, sufful- 
tory cell more or less enlarged, anthendia 2 0, often alternating 
with vegetative cells, sperms 2, pnxluced by horizontal division, 
filament somewhat short, lower vegetative cells generally narrower 
and longer than upper ones, basal cell slightly tumid and elongate, 
terminal cell broadly obtuse or apiculate 


Veg cells, female plant 

Veg cells, male plant 

Oogonia 

Oteporoa 

Huffultory cells 

Anthendia 

Basal cell* 


11-22 p diam , 19-48 p long 
10-19 p diam , 12 51 p long 
29 37 pi diam , 26 38 p long 
26-34 p diam , 24 35 p long 
16 26 p diam , 19-32 p long 
10 10 ix diam , 6-10 p long 
16 20 p diam , 57-64 n long 


This variety is characterized by its broadtr and shorter vegetative 
cells, smaller fruiting cells, and tumid suffultory cells, in these points 
it is different from its type and var Nordutedtu Wittrock It differs, 
however, from var abbreviatum Hirn in having all cells with greater 
dimensions and suffultory cells tumid 

Collected in a stream near Shih-Ohiao-Ch'ang, about ten miles 
westward from Chungking, Szechwan, West China, Dec 25, 1933 
Filaments scattered among other filamentous algae attached to the 
decaying leaves of water grasses Types in C C Jao collection and 
in Herb Umv Mich , Nos S608 01 and 02 
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EXPLANATION OF PIATFS 

PLATfc X 

Figk 1-3 OedoQonium brevicingulatum «p nov {X 3l>0) 1 igure 1 a part of 

the filament with two oogonia and two stilt m of subt pigynoua antheridia 
containing the hoi izon tally divided very narrow sperm**, I iguit 2 an upper 
part of the hlameni, showing the apituiatt U rmmal till, I igure 3, basal cell 

f iom 4-8 Onlogontum petptngense sp nov (X 360) Figure 4 a purt of the 
filament, with a mature oogonium, J igurt > a part of the hlamt nt showing 
the anthtndml sent » alternating with the vigitatm cells, 1 igure 6, banal 
cell, Figure 7, an apieally obtuse terminal ctll, Figun 8 a piliferous tir- 
minal cell 


PLATF XI 

Flos 9-10 Oedaffont urn infra medial* up nov (X 300) l igurt 9 a part of the 
filament, showing both matui e (lower) anti immature (uppt r) oogonia and 
three subepigynous androsporangm Figure 10 a mutun oogonium and two 
scattered androsporangia 

Fiaa 11-13 Oedogontum oblongum Wittrack \ar fwnfarmr . , var nov (X 360) 
Figure 11, an upper part of the hlament showing both mature (lower' and 
immature (upper) ottgoma and two subepigynous and ont terminal an 
therldia, Figur« 12 a low< r part of the filament showing tin banal etll and a 
fully mature, oftgonium, 1 igurt 13, a part of the filament showing two 
odgonia and two aeries of antheridia m position of subepigynous and sub 
hypogynous 

Fl«s 14 15 Oedogontum Pnng»htnmx% Cromi r <fc Wittroek var brevtus, var 
nov (X 360) Figure 14, an upper pait of the filament showing three 
scries of odgonia and an apiculate terminal cell, Figure 15 a male plant 
showing the anthertdial senes alternating with thr vigttativc. cilia, th« basal 
cell, and the broadly obtuse terminal u U 




NOTES ON NEW OR UNUSUAL MICHIGAN 
DISCOMYCEfES II* 

BKSS1F B KANOIjSI 

O F 1 II T twenty-six spouts of Djscomy cotes discussed in this 
piper, twenly are ncwl\ recorded from Michigan, so far as can 
be determined from available records 1 he list includes one new 
genus, three new species, and one new variety Fhaeohtlohum Jlavwn, 
gen no\ et sp nov , Pkinlea Ca*iandi at t sp no\ , Callorm Svluia- 
gnus , sp nov , and Lcnhnella tricolor (bow ) Phill \ar nncrospora> 
var nov All collections cited have been determined by the author 
and are preserved in the Herbarium of the University of Michigxn 
Thirty-two of the forty-two collections cited were made in the 
month of May, for the greater part by V 13 Mains, A H Smith, 
and the author Grateful acknowledgment is given to l)r Alains 
for the photographs 

Stic tioaclae 

NAfMAticLUM N 1 VLU 8 (Pt rs ) Sacc (PI XV, I lg 3) —found in 
abundance on the fallen needles of Finns sylvc^tns L , Ann Arbor, 
May 12, 1933, Smith (3 3 1151), May 19, 193 3, Saginaw Forest, 
University of Mithigm, Ann Arbor, Smith and M uns (\1 1 
33- 10) Nannfeldt (11) discusses the taxonomic position of the 
genus in connection with the Ostropaeeac and says “f s ist rnir 
jsur Zeit mehl moglieh du systematised btcllung dieser Art 
*anzugeben obwar es anzunehruon ist, doss sie Propolis nahestohe ” 
Rehm included it in the Stictidaceae 

TlO BLIDIAC EAt 

Oaldfsia &ABINA (De Not ) Rehm (PI XIV, Figs 3 4) — Pinckney, 
May 13, 1933, Mams (33-27) and May 17, 1933, Mains, bimth, 

* Papers from the Department of Botany and the Herbarium of the Uni- 
versity of Michigan No 471 

1 The letters M and S used with th* collet turn numbers refer to the collec- 
tors, K B Mains and A H Smith, respectively 
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and Kanouse (M 33-674) Von Hohntl (7) transferred this 
species to Eutryblidiella in the family Tryblidiaceae, as E sabxna 
(De Not) v H The plants were thickly scattered on dead 
branches of living bushes of Juniperw communis L The charac- 
teristic spores are illustrated m Plate XIV, Figure 3 

DmMATt AtKAK 

Gallons Solidaginis, sp nov 2 (PI XII, Pig 2) — Apothecia sessile, 
arising under the nnd, breaking through or pushing it up, gre- 
garious, solitary or caespitose, frequently crowded in groups of 
from two to many, often appearing in lines, not opening to a 
disk, remaining cup-shaped, drying inrolled, 0 5-1 mm in di- 
ameter, hypothecium thick, soft, subgelatinous, parenchymatous, 
oxciple well developed, consisting of hexagonal cells with thick, 
brown-colored walls, margin bordered with long, blunt cells which 
are paltr, parallel, and not extending beyond the margin, hy- 
memum dirty white with \ inlet tints to light brown when fresh, 
drying darker with rose-lilac shades, outside concolorous to 
darker, lightly streaked with brown, asci clavate-cylindncal, 
4-sporcd, 45 65 X 6-8 fx, the ascus pore is colored slightly blue 
with iodine, spores oblong to subfusoid, straight or slightly bent, 
hyaline, 2-celled with an oil drop in each end, 10-12 X 3 A fx, 
paraphysea filiform, scarcely thickened at the apices, a few 
branched below, hyaline, exceeding the asci but not forming a 
compact epithecium 

On wot mats of dead stems of Sohdago sp , bank of Huron 
River, near Dexter, Michigan, May 19, 1933 Type collected by 
Mams, Smith, and Kanouse (M 33-41), also on Sohdago sp , 
Ann Arbor, May 2, 1933, Smith (33-1155) 

Comdia were found in some apothecia They are hyaline, 
subglobose, measuring 5X4 /i, with an apiculus at one end 
The comdia undoubtedly belong to this species since the apothecia 
bearing them were found always m close association with other 

* Callona Solidaginis, sp nov , apotheclia seswhbus, caespitosia, erumpenti- 
bus dunum Hupcrficiahbus, subgoUtmosis, ascis cylindrico-clavatls, 45-65 X 
6-8 M, 4-sporls, apices todo coeruloo-t metis, sports oblongis vel subfusoideis, 
rectis vel curvatis, hyahms, umaeptatis, 10-12 X 3-4 p, paraphysibus filiforrai- 
bus Specimen typiemn a Kanouse Mains, et Smith ledum prope Dexter, 
Michigan, m caulibus specierum Solidaginis ad ripas fluimms Huron In Herb 
Umv Mich conscrvatum est sub numero 33-41 
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apothocia containing mature asci and ascospores In fact, young 
asci sometime** were among the comdiophores The apothecia 
containing corndia were very soft, cushion-shaped disks and had 
thin, almost separable exnples Rehm (15) reported finding a 
conidial stage for Callona fumrundes (Berk ) Ir 

Calloria Sohdagtnis possesses characteristics which place it 
within an exceedingly perplexing group A rewew of the litera- 
ture on species commonly found on the Compomtae confirms tins 
Rehm (15) described PcziztUa fimohyahna and placed Ildotium 
fuscohyahna Rehm in synonym> He said ‘ J<incr Molhsia 
scheinbar, aber den Gehausen ganz \erscheiden Von der oben- 
falls ftuf Solidago in Prankrcich gef unden Pez umbnnella Desm 
(10 Not pag 30 Synon Niptna umbnndla (Sacc ) Syll Disc 
pag 48 ) unterscheidl sie sich insobesonders durch nur einzelhgo 
mcht 12-14 fx lange Sporen und kleinere Apothecicn ” I ater (16) 
he described Calloria subalp ina Rehm var discrepant R< hm on 
overwintered stems of Asttr leucanthemmn Still later (IS'' he 
described Ombrophila fuscohyahna Rohm on Solidago mrgaurca 
and placed in synonym} with it his own Pezxzdla fuscohyahna 
and Callorta subalpina var dm repans and also Pyrenopeziza 
fuscohyahna Boud Concerning Calloria subalpina Rehm \ar 
dtecrepans Rehm he says “Nahert sich mehr Ombrophila, \on 
Calloria subalpina durch die h orm ihr Sport n und J— vtr- 
acheiden ” In the same paper he placed Calloria subalpina Rehm 
m synonymy with Coryndla discrepant Rehm and appended the 
remark “ Kann wegen der l orm der st hr gallert igon Apothecium 
mcht bei Callona untergcbracht warden ” I his species is re- 
ported by him as occurnng on decaying stems of isttr Trades - 
canh 

Von Htthnel (G), after having exai lined material, summarized 
the situation and cleared up part of the confusion in regard to 
Rehm’s interpretations He discussed Piziza umbrmtlla Desm , 
Niptera umbnnella (Desm ) Sacc , Callona subalpina Rehm, 
Callona subalpina Rehm var discrepant Rehm, and Coryndla 
dxscrepans Rehm In conclusion he established a new genus, 
Callonella, used the specific name C umbrintlUi (Desm ) v H , 
and reduced to synonymy the species just mentioned 

The important characters of Callonella umbnnella are as follows 
apothecia formed superficially, the negative reaction with iodine, 
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8-spored asu, and paraphyscs with thickened apices ihe genus 
is placed in the Dcrmateaccao by Von Hohnel He regards Didy- 
mocoryne Jsacc , C allona Boud emend Rehm (non Tries emend 
Fuek ), and Genangina \ IT aH closely related genera 
In contrast to Callonclla Von Ilohnel characterized the genus 
Calloria as follows apothuia ermnpent, subgdatinous, paren- 
chymatous structures with vull-df \ eloped txciple, 8-spoiod asci, 
positive iodine reaction, and pnraphyses somew hat branched 
Caliona Sohdaginis agrees with this generic diagnosis in every 
respect except the number of spores in the asci In C Sohdaginis 
the aso an 4-sporrd instead of 8-spored Tour-^pored asci are 
found in some species of Pyrtnoptziza However, the spores are 
1-celltd and the apothecia are not gelatinous — two characters 
which prevent C Sohdaginis being placed in the genus Pyrenopc- 
ziza Pyrenopeziza Artemmai (Lusch) Rohm var Sohdaginis 
Rehm (Ascoinycetcs Fxsiccati No 1957) is a quite different plant 
Ihe two photographs (PI XII, Tigs 12 of C S oltdagtms and 
P Artemmae (Lasch) Rohm var Sohdaginis Rehm) show clearly 
the macroscopic differences between the two spocits 
Callorta Sohdaginis cannot Ik referred to the genus Ombrophila, 
w hich has stalked gelatinous apothecia, or to C orynella, which has 
4-celled spores and colored paraphyses, or to Coryne, whieh has 
gelatinous apothecia and many-celled spores, or to Callonclla, 
for the reasons explained above 

Clnangiackae 

Stamnakia amfhicana Massec <fc Morgan -On overwintered 
sterile plants of Equisetum arvtme L, Huron River, Dexter, 
May 19, 1933, Mains and Kanouse (M 33-670) Apparently 
this is the spring form of the fungus that wt have found occa- 
sionally in the late fall and w inter on the sporophytes of E arvensc 
Von Hohnel (5), in a discussion of Ptziza latttsstma Oesati, cited 
various European collections that have gone under that name 
and also under the name Phragmonivia laettsmna (Cesati) Rehm 
He considered them to be merely the spring form of Stamnana 
Equiseti (Hoff ) Rehm, which is the species of Stamnana common 
in Europe He found that the apothecia formed in the spring 
usually contained immature spores In contrast, our collections 
of S amencana , made in May, have fully developed spores 
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exactly like those of collections made in Noumber and De- 
cember, which wei< reported m a pievious paper by the author 

(9) Tlu apolheen on the sftnle plants seem to l>e softer than 
those thit develop on the fertile plunts In this respect they 
correspond to the dcscnpfion of the species given by Morgan 

(10) He described the apothecn ts thin and delicate He did 
not give the season of the yeir in which his Ohio collections were 
made 

MOLI IHJ M I Ab 

Belonidiuw hmopviiidi m Bres On wood of sp f Salim, 
Jum 30, 1913, Smith ( H 1152) 1 he ipolhccia m this collection 

have the characteristic oh\e-gre( n color of tin species and hyphat 
which project beyond the mtrgin of the ipothecia J he asci 
measuie 70 HO X 10 12 p 1 he spores an h\ dim and 1-septate 
ami measure 18 21 X 4 b ju Kehm (17) questions the placing 
of this fungus in Belomdium, and suggests that it belongs to 
Podolielomum is defined by Boudiei 

Iapfsia hi sc a (Pers ) luck (PI XIII, I lg 1) —On chad sticks 
of Vacutnvm cotymboium J , Mud I ike Bog, Whitmoie Lake, 
May 28, 1923, Smith, 1 I Towe, ind 1 B Mckarland (S 33 
1157), same location, May 23, 1933, Mains (33-50) It was 
frequently seen on other decayed woods throughout the spring 
Mhot (4) has pointed out that the development of the fungus 
vanes according to the environment As she slates, the blue 
color seems to be associitcd with young apotheoia growing in 
humid conditions Although the color of the mature apotheoia 
by which the fungus is commonly known is yellowish, tlu blue- 
colored apothecia fiequently cont-un what ippeir to l>e mature 
spores This difference in color may e uise trouble in identifi- 
cation In a humid environment, such is the floor of a bog the 
tomentum remains on the cups for a long tune and the subiculum 
is a well-developed, conspicuous, brown mat 

Papesia uvidofvsca ( V t ) Hehm var fallax (Desm ) Rehm (PI 
XIII, Fig 2) — On cones of Put a mariana (Mill) BSP, Mud 
Lake Bog, Whitmore lake, May 2S, 1931, Smith {33 106) This 
fungus was reported by Rehm ( 17) as growing in Euiope on cones 
of fir and Ptnus sylvettns 1 he apothecia are seated on a rather 
scanty but evident brown subiculuni The spores measure 

6-9 X 2 5-3 m 



70 Berate B Kanouse 

P then opbzixa Abtemisiak (Lasch) Rehm var Soudaginis Rehm 
(PI XII, Fig I) — On decayed stem of a composite, bank of 
Huron River, Dexter, May 19, 1933, Mains and Kanouse (M 
33-38) This fungus is identical with a Canadian collection, 
No 1957 of Rehm's Aacomycetes Exsiccati, and with No 3866 of 
Ellis and EverharPs Fungi Columbiam The apothecia are nearly 
black within and without and have white margins The outside 
is streaked with patches of dark-colored excipular cells The 
asct contain either four or eight spores, which are 1-celled, hya- 
line, and measure 9-10 (12) X 3-3 p In P Solxdagima (Karst ) 
SehrOt the spores measure 20 X 2 p, according to N&nnfeldt 

(ID 

Pkrhotia flammae (A & S ) Boud — On wood of Quercua ap , 
Dexter, May 20, 1933, Smith (33-1154) The species is not rare, 
but this is apparently the first collection from the state 

Beloniella bhevipiea (Rob ) Rehm — On overwintered stems of 
Aster sp , Saginaw Forest, University of Michigan, Ann Arbor, 
May 31, 1933, Mains (33-65) The plants agree with those de- 
scribed by Rehm (15) From the external characters and from 
the non-eeptate condition of the immature spores they might be 
mistaken quite easily for a species of Pyrenopesiaa The spores 
are finally many-septate and reach a length of 27-32 jx Rehm 
cites one collection on the stem of a composite 

Helotiaceae 

Peiuella AftPiniicoLA (B & Br ) Rehm (PI XII, Fig 4) — On 
petioles of Adtantum pedatum L, Cascade Glen, Ann Arbor, 
May 27, 1933, Mams and Smith (M 33-62) The apothecia 
are very short stalked, sparingly hairy or flooeose outside, and 
bordered at the margin with bundles of hyphae, forming a delicate 
white fringe The spores measure 6-8x1 5-2 p 

GottootfiCKPS deucatula (Fuck ) v H (PI XV, Fig 1) — Von 
Hrihnel (8), in a discussion of Aracknopema deluxUula Fuck , 
has rightly stated that this species does not belong to Arachno- 
pesiza since the spores are filiform and many*septate It seems 
to be well placed in Gorgomcepe, where Von Hbhuei put it It 
has been reported previously from Michigan under the old name 
Hate XV illustrates plants collected near Pinckney by Smith, 
May 17, 1933 (33-1155) 
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Phialea acicolarum (Rollnnd) Rehm (PI XII, Fig 3) —On 
fallen, overwintered leaves of Lanz laricina (Du Roi) Koch, 
George Reserve, University of Michigan, Pinckney, May 13 and 
17, 1933, Mams (33-16), Mud Lake Bog, Whitmore Lake, May 
23, 1933, Mains and Smith (M 33-52) Seymour (23) does not 
hat this species as occurring on Larix in North America 
Phialea Cassandrae, sp nov * — Apothecia solitary; stipitate, cup- 
shaped, then expanded, pure white, smooth, thin, 0 5 mm wide, 
stalk 1 5-2 0 mm high, stiff, white above, black below , subbulbous, 
floccose at base with large, protruding, thin-walled cells, asci 
cylindrical, 30-35 X 5-6 3-spored, amis pore colored faintly 
blue with iodine, spores fusoid-clavate, pointed at one end, 
hyaline, 1-celled, 6-8 X 1-1 5 m» paraphyses filiform, hyaline 

On fallen leaves of Chanuiedapkne calyculata (L ) Moench 
Type collected by Mains (33-59), Mud Lake Bog, Whitmore 
Lake, Michigan, May 23, 1933, also from the same bog, May 28, 
1933, Smith, Lowe, and McFarland (S 33 109), Rock River, 
June 17, 1933, Smith (33-551) 

This beautiful little fungus is distinguished by the small spores 
and by the contrasting black and white of the stipe Boudier (1) 
illustrates Helatium nubilipes Boud with a white disk and a 
stipe that is slightly darkened Ihe spores of his plant are 
22-23 X 5-6 which is decidedly larger than those in P Cas- 
sandra# 

Schweuuts (21) depicted growing on wood a plant which is 
labeled in his handwriting as P mgrtpes It has a slender black 
and white stipe and a white apothecium No adequate descrip- 
tion of this species has been found Helotium mgrtpes Fr as 
characterised by Saccardo (19) has a flesh-colored apothecium 
A variety of H mgrtpes Is merely mentioned by Saccardo as 
var alba By inference it appears that a Cuban collection made 
by C Wright (No 634, Berkeley k Curtis, Pungt Cubenses, 
No 702) may be this variety, but neither the species nor the 

1 PhiaUa Cassandrae, sp nov , apothecds prituum cupulatia, deinde appla- 
natiu, nlveis, glabrls, stipltatis, gracilibua, rigidia, i 5-2 0 mm altis, inferior© part© 
nigdjboentibus, ad basin bulbosJ# toraento floccoso subtilt praeditta, asois oylrn 
drici* 30-35 X 6-6 8-eporU, sporia fusoidco-olavatis, hyalinm, nonseptatis, 
6-3 X 1-1J5 m paraphysibus filiform! bus Specimen typioum legit E B Mains 
in feifl* dolapna Chauwtedftphna© caiycul&tae prop© Whitmore Lake, Michigan, 
In Herb Umv Mich conservatum ©at sub numero 33-59 
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variety, both of which grew on wood, seems to be the same as 
the fungus growing on the leaves of Chamaedaphne 

Cyathicttla Marchantiae (Sommerf ) Sacc (PI XIV, Fig 2) — 
On undetermined liverwort, Point aux Barques, May 30, 1933, 
J E Davtdson and C A Arnold, on Marchanlia polymorpha 
L , Mud Lake Bog, Whitmore Lake, July 4, 1933, Mams and 
Smith (M 33-071) lo judge from the account of this species 
given by Durand (3), these seem to be rather unusual finds 
Durand says concerning hts own collection No 8613, made m 
1910, that, if what he had was Sommerf eld t's plant, “we have 
the interesting fact of the occurrence in New York of a species 
which has not been found before since its original discovery m 
Northern Europe more than 60 years ago " Our Michigan collec- 
tions are additional records for North America 

Cvathicula coronata (Bull ) De Not (PI XIV, Fig 1) — This 
species has been reported previously from Michigan, but it is 
desired to call attention to the accompanying plate, in which the 
teeth on the margins of the apothecia are distinctly seen This 
collection was made near Pinckney, Oct 5, 1933, by E Nissen 
and Smith (S 33-1159) 

Lachnella corticalis (Pers ) Fr — On Salix sp , Saginaw Forest, 
University of Michigan, Ann Arbor, May 10, 1933, Smith (33- 
19), Isle Royale, A H Povah, 4 1930 This species is beautifully 
illustrated by Boudier (1) Schw emits (21) has a sketch of an 
American collection, labeled P corticola, which is typical The 
fungus is readily recognized by the delicate weft of richly branch- 
ing hairs that envelop the apothecia, giving them soft, fluffy 
halos Large crystals form at the ends of the hairs Rehm (15) 
described the margins of the apothecium as much mrolled, so 
that only a small opening is left, and our plants show this feature 
nicely The measurements of the asci (50-70 X 7-8 p) and of 
the spores (12-14(16) X 3-4 p) of our plants are slightly smaller 
than those given by European authors, but are not sufficiently 
different to be significant Morgan (10) reports finding the 
species in Ohio 

Lachnella leucophaea (Pers ) Boud — On overwintered stems of 
Arctium, Ann Arbor, May 6, 1933, Smith (33-23), This fungus 
is cited in literature under several names Philhps (12) gave it 
4 See Povah (14) 
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the rank of a variety of Lachnella sulphur ca (Pers ) Phill , Rehm 
(15) called it Laehnum leucopkaea (Pers ) Karst The rough, 
colored, septate hairs, the unusually large, lance-shaped paraph* 
yses, and the variable spore size are good characters by which it 
may be recognized 

Lachnflia nut oi on (Sow ) Phill \ar microspora, var nov h — In 
a discussion of the spicies Lachnella tricolor (Sow ) Phill , Plullips 
(12) says “This is a rare species, easily recognized by its blue- 
gray exterior ” 1 he specific name, tricolor , refers to the blue-gray 
exterior, yellowish hymemurn, and nearly white stem Our speci- 
mens have these colors and agree in all other respects, with the 
exception of the size of the spores The spores of the Michigan 
specimens arc much smaller They measure only 555X1 1 5 ju, 
whereas the measurements given for L tricolor are 13 15 X 2 fx 
Morgan (10) reports from Ohio a species which is said to be 
“readily distinguished by the green color of every part con- 
tracted when dry and looking like minute yellowish-green specks 
of fluff ” The spores of these plants measure 7-9 X 2 p Massec 
and Morgan described their plant under the name iMchnum 
viridulum The tncolor of our fungus relates it to the English 
plants rather than to the American collections with the all- 
green apothccia As they appear in the field on decaying wood, 
the apothecia so closely resemble Penicillium that it is quite 
possible that the ascomycete has been nustakt n for the im- 
perfect 

On wood of Quercus Type collected at Cascade Glen, Ann 
Arbor, Michigan, May 10, 19*3, by A H Smith (33 151), on 
decayed wood, George Reserve, Univi rsity of Michigan, Pinckney, 
May 13, 1933, Smith (33-36) 

Lachnum hyamnellum Rehm — On cones of Pxcca martana (Mill ) 
BSP , Mud Lake Bog, Whitmore Lake, May 28, 1933, Smith 
(33-106) Isle Royale, 1930, A H Povah (14) This interest- 
ing species is characterized by its minute size and the pure white 
apothecia The paraphyses are conspicuous on account of their 
shape and sire They are broad, sharply pointed, and exceed 

• Lo<M«lla tricolor (Sow ) Phill var microspora, var nov , a forma typica 
differ! eporls minonbus, 5 5 5 X 1-1 5 H Specimen typtcum in hgno quercino 
legit A EL Smith prope Ann Arbor, Michigan In Horb Univ Mich coneerva- 
tum eat sub numero 33-151 
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the asci by fully 20 p The asci are slender and measure 35-40 X 
4-5 ju The hyaline hairs are blunt, of equal diameter, and rough 

Lachnum olandrstinum (Bull ) Karst — On fallen leaves of Vac- 
cinium corymbosum L , Mud Lake Bog, Whitmore Lake, May 23, 
1933, Mains and Smith (M 33-60) , same location, May 28, 1933, 
Smith (33-107) This fungus resembles Lachnum calyculaefonne 
(Schum ) Karst var laUbncolor Rehm, which is reported on 
Vacctmum ultgtnosum In the variety, however, the paraphyses 
are said to be in part filiform and m part lance-shaped In L 
dandestmum the paraphyses are conspicuously lance-shaped and 
taper to slender stalks with the widest part well below the tip 
The brown hairs are large and rough and are tipped with large 
crystals They frequently adhere m clusters and, with the crystals 
gone, give a false appearance of teeth at the margin Our col- 
lection seems identical with Sydow'g My cotheca Germanica, 
No 1006 

Lachnum oarnkolum (Sacc ) Rehm — On Ertpohorum calhthnx 
Cham , Mud I^ake Bog, Whitmore Lake, May 23, 1933, Smith 
(33-109) , same location, May 28, 1933, Mains (33-672) This 
delicate fungus measures only about 400 m in height The 
apothecium is thin and nearly transparent The very Bmall asci 
measure only 20-30 X 4-4 5 p and contain spores 5-6X15 fi 
The paraphyses are sparse and extend about 10 ju beyond the 
asci As Rehm (15) stated, iodine colors the as cue pore and also 
the tips of the hairs blue Lachnum Ertophon (4Ju$ ) Rehm, 
which is reported on Enophonm latifohum, is a much larger 
fungus 

Dasyscyphella Cassandra k Tranzs — On living moss, Sphagnum 
sp , dead sticks, Mud Lake Bog, Whitmore Lake, June 11, 1931, 
Kanouse, on dead sticks of Chamacdaphne calyculaia, same loca- 
tion, May 28, 1933, Smith, Lowe, and McFarland (S 33-110) 
The collection from Isle Roy ale, Michigan, described by Povah 
(18) as Ennella borealt* (Fp 497), is identical with those from 
Mud Lake Bog The paraphyses in all the apothecia examined 
are filiform The genus Ennella is commonly described as having 
lance-shaped paraphyses To take care of the Erinella-like fungi 
with filiform paraphyses Tranzschal! (24) established the genus 
Dasyscyphella and described D Cassandrae , which was collected 
on dead sticks of Cassandra {Chamaedaphns) calyculaia in Russia. 
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Saccardo and Sydow (20) transferred it to Rrmelln as E Catsan- 
drae (Tranzs) Saco <fc Syd Rohm, on the contrary, recognized 
the genus as valid, since he distributed an American collection as 
D Vtttn (S ) Rehm (Ascomycetes Exsiccati, No 1453) This 
number was examined by the author and the paraphyses were 
found to be filiform Clements and Shear (2) also recognize the 
\ alidity of Dasyscyphella m their classification It seems to the 
author more logical to consider Ermella and Dasyscyphella dis- 
tinct genera 

Phaeohelotium, gen nov 8 — Apothecia superficial, sessile to stipi- 
tate, at first turbinate, opening to a disk, finally convex and 
slightly umbilicate, soft, waxy, drying brittle to chalky, outside 
pulverulent, bright-colored, hypothecium thick, prosenchyma- 
tous, yellowish, asci cyhndriuil-clavate, rtmnded above and 
thick-walled at the apices, 8-spored, spores ellipsoid to fusoid, 
straight or slightly bent, 2-celled, brown, paraphyses filiform, 
colorless, extending beyond the asci, numerous 
Phaeohelotium flavum, sp nov 7 (PI XV, * ig 4) — Apothccia ses- 
sile to short-stipitate, superficial, greganoua to caespitose, soft 
waxy when fresh, chalky to brittle when dry, at first cup-shaped 
or turbinate, finally opening to a disk, convex and slightly um- 
bilicate or apptanate, 1 -2 mm broad, 115 mm high, hyraemum 
bright yellow to orange-yellow, margin white to pale yellow, ex- 
terior concoloroua, paler at base, delicately pulverulent, hyaline 
hyphae radiating from the base to the substratum, hypothecium 
thick, prosenchymatous, the thin exciple formed of large, thin- 
wallod cells, hyaline or faintly yellowish, asci cyhndncal-clavate, 
tapering to a slender base, rounded and thick-walled above, 100- 
125 X 8-0 Mi 8-spored, the ascus pore colored faintly blue with 
iodine, spores subfusoid, straight to slightly bent, 2-celled, with 
2-4 large oil drops, brown, walls thick and somewhat rough warty, 

• Pbaeobelotlum, gen nov , sports uniseptatte, fusels, alibi ut in Helotio 
Specie* typlca, P jtovurn, sp nov 

9 Phatohelotium flavum, sp nov , apothemta gesslllbus vel brevlssime stipl- 
tatis, suparflcialibus, gregartis, primum aubturbinato-cupulatis, deinde convexis 
1-2 mm latls disco flavo mox aurantio-flavido, excipulo context© cum hy- 
pothecs proeenchymatoeo, asois cylindnoo-davatw, longe pedioellatis, 100-125 
X iMl ^ S-eportx, apices iodo coeruleo-tinctis, sports subfusoideia, rectis vel 
ourvaUir uniseptatis, fusew, paraphyslbus oopiosis, filiformibus Specimen 
typimim legit £ B Mains props Harbor Springs, Michigan In Herb Univ 
Mich* consemtum est sub numero 31-895 
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14-16 X 4-5 Mi paraphyses filiform, hyaline to faintly yellowish, 
2-3 m at the apices, exceeding the asd but not forming a definite 
eplthecium 

On decaying log, Harbor Springs, Michigan, Sept 9, 1931 
Typo collected by Mains (31-895), on oak stump, George Re- 
serve, University of Michigan, Pinckney, Nov 1, 1931, Smith 
(31-1), on mossy log, Miner's Falls, Munmng, Sept 5, 1932, 
Mains (32-578) 

This fungus could quite easily be mistaken for Hehtiumninnum 
(Hedw ) Fr upon superficial examination The dark color of 
the spore walls m P flavum is developed tardily, so that immature 
apothecia of the two species bear a close resemblance However, 
m mature apothecia the spores are dark-colored, with the walls 
frequently irregularly thickened, so that they are easily dis- 
tinguished from the hyaline spores of H citnnum The spore 
characters, together with the prosenchymatous hypothecium, 
place this fungus in the section Phaeodidymeae of the Helotiaceae 

The genus Lambertella, described by Von HOhnel (6), has one- 
celled spores and a sclerotium He (7) erected the genus Phaeoci- 
bona for dark-spored species lacking a sclerotium In it he 
placed MoUma tetnea QuG , which he considered to be “erne 
kurateihge Cibona nut gef&rbten Sporen” and he used the name 
Phaeociboria Sejourm (Boud ) v H , since he considered Peziza 
Sejourni Jaap merely an immature form of Molhsia tetnea One 
other fungus with dark spores was reclassified by Von Hdhnel 
by the removal of Beioniosq/pha ynalano&pora Rehm to the genus 
Scelobelomum proposed by him in 1905 This fungus has many- 
cellod spores 


Pe2izaoeae 

Sarcosphaera hinnulea (B <fc Br ) Massee (PI XIII, Fig 3) - 
On Marchantia polymorpha , Mud Lake Bog, Whitmore Lake, 
July 4, 1933, Mams and Smith (M 33-673) Seaver (22) reports 
this species as growing on the ground Our plants can bo referred 
here, notwithstanding, since they agree in all respects other than 
that of substratum 

Pitya CtipREssi (Baisch) Rehm (PI XV) — On leaves of Jumpetus 
honzontahs Moench , Botanical Garden, University of Michigan, 
Ann Arbor, May 27, 1933, Mains (33-61) , same location, May 29, 
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1933, Smith (33-1160), and again Sept 29, 1933, Mams (33-666) 
The species is not uncommon in certain localities but, so far as 
we know, this is the first time it has been found in Michigan 

of Michigan 
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EXPLANATION OF PLATE XII 

Fta 1 Pyreiiojittiza Artemuwe (Lasch) Rohm var Soluio^init Rehm On 
decaying stem of a composite X 16 5 

Fia 2 Calicna Sdxdagxnu, sp nov On dead stems of Soltdago %p X 18 5 

Fia 3 Phtaka actcularum (Holland) Rohm On fallon overwintered leaves of 
Lanx lartctna X 16 5 

Fig 4 PenteUa cutptdhcola (B A Br ) Rehm On petioles of A diarUvm pcdaiwn 
X 165 
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A SUPPLEMENTARY NOTE ON LONGEVITY 
OF ASPERGILLUS ORYZAE AND 
RHIZOPUS NIGRICANS 

ADEUA McCREA 

AMONG the many interesting members of the AspergilH, A 
Qryzat (Ahlburg) Cohn is outstanding Aside from its botani- 
cal characteristics, this species is so versatile for practical purposes 
that it has long been of great industrial and medical importance 
Because of its strong diaetatic activity it is utilised for the lique- 
faction of starch m the preparation of Buch products as Bake wine, 
soja sauce, takadlastase, and polyxime Although it is a native 
species of Oriental countries it has become widespread through its 
practical applications and because of the ease with which it can be 
maintained under ordinary laboratory culture 

One characteristic of this species which has interested the writer 
and to which attention has previously been directed is its persistence 
of life under adverse conditions I In 1919 (1) and again in 1927 (2) 
living cultures were obtained from a tube of dry “spore dust” of 
A Oryzae that had been collected and sealed in 1897, i e life had 
, persisted thirty years under unfavorable conditions The tube was 
resealed at once for another five-year interval 
( In 1932 the tube was again opened for further teste to be made 
Methods of opening, testing, and resealing followed the former pro- 
cedure in all essential details Cultures were readily obtained upon 
a variety of media, thus extending the period of survival of A Oryzae 
to thirty-five years This, so far as the writer knows, sets a record 
The tube was promptly resealed and should be tested again in 1937, 
after a lapse of another five years 

While the tube was open in 1932 a portion of the contents was 
transferred to a small sterile tube stoppered only by a cotton plug 
Transplants were made from this at monthly intervals, but under 
these conditions survival was not long After six months cultures 
could no lunger be obtained 
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An additional note may also be given here on the survival time 
of a culture of A Orytae upon dried nutnent agar in an ordinary 
test tube In 1930 such a culture was reported by the writer (2) to 
have remained viable for eight years This can now be extended 
to ten years for Culture 116 growing on 4 per cent glucose agar 
medium Such a transplant consists, of course, of both dried my- 
celium and conidia, but was planted in the usual way without previous 
soaking or other treatment 

It is of interest that Rhizopus ntgncam , unintentionally included 
in the original sealed tube, was no longer viable in 1932, although 
it had survived the thirty-year test in 1927 

Considering the three series of tests made with material from 
the original tube sealed in 1897, it seems dear that (a) Aspergillus 
Oryzae can survive under such conditions for thirty-five years or 
more, and that (6) Rhvsopus mgrtcans, plus strain, can survive under 
such conditions for thirty years, but not for thirty-five years 

Pabkk, Davis A Company 
Dstboit, Michigan 
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MICHIGAN FUNGI I * 

EDWIN B MAINS 


R ECORDS of the fungi of Michigan have been made from time 
to time by Longyear (31-33), Pollock and Kauffman (36), 
Kauffman { 18-27), Kauffman and Smith (28), Povah (37-39), 
Baxter (3-4, 6-7), Kanouse (16-17), Smith (42), and Chapman (11) 
Other reports are scattered through the literature 

During the past two years considerable attention has been devoted 
to a study of the mycological flora of northern Michigan In August 
and September of 1932 the writer, accompanied by Mrs Mains, 
made collections north of Harbor Springs m the Lower Peninsula 
and between Mumarng and Marquette in the Upper Peninsula In 
June, 1933, accompanied by Dr A H Smith and J L Lowe, we 
made a study of the spring flora of the same areas In August and 
September of 1933, accompanied by Dr Smith, we collected north 
of Harbor Springs and in various parts of the Upper Peninsula, 
principally north of Trout Lake and in the vicinity of Marquette 
Neither season was specially favorable on account of dry weather 
However, a surprising number of unusual fungi were collected The 
agarics are being studied by Dr Smith and the Discomycetes by 
Dr Bessie B Kanouse and will be reported upon by them in con- 
nection with other material A number of the most interesting 
species in other groups will be discussed here, together with several 
miscellaneous collections whieh have been added to the Herbarium 
of the University of Michigan from time to tune and which it seems 
desirable to list in the records of the mycological flora of the state 
Unless otherwise indicated the determinations were made by the 
writer Collection numbers are given in parentheses, those of 
Smith being preceded by S 

AposTfliflDitTM Guebnisaci (Cr ) Boud — In running water, Wag- 
ner's Falls, Muniang, June 9, 1933, A H Smith (S 33-222), 

* Papers from the Department of Botany and the Herbarium of the Uni- 
versity of Michigan, No. 470 
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det B B Kanouse Povah (39) reports this species from Isle 
Royale also It apparently has been rarely collected in Michigan 
Durand (13) gives the distribution as New England states and 
Washington 

Apobtemidium vibrisseoides (Pk ) Boud — On submerged wood, 
Wagner's Falls, Munising, June 12, 1933, A H Smith (S 33- 
407) This species apparently has not been previously reported 
Durand (13) gives the distribution as New Hamphire to New 
York 

Corvnetbs ROBTiSTtrs Durand — On wet soil, north of Newberry, 
Aug 30, 1933, E B Mains and A H Simth (33-552) This 
species has been reported by Kanouse (17) from Rock River 
Durand (13) gives the distribution as Maine to Mississippi 

Leotia chlorocephala Schw — Along brook, west of Marquette, 
Sept 5, 1933, A H Smith and E B Mains (33-611) Thiels 
apparently the first report for the state Durand (13) gives the 
distribution as New Hampshire to Alabama 

Leotia stipitata (Bose) Schrbter — On ground west of Mar- 
quette, Sept 9, 1932, E B Mains (32-671), Wagner's Falls, 
Munising, Sept 7, 1933, E B Mains (33-016), along Silver 
Creek, Emerson, Aug 25, 1933, A H Smith and E B Mams 
(33-500) This beautiful species has also been reported by 
Kauffman (18) from Emmet Co and by Povah (39) from Isle 
Royale 

Microolossum ouvackum (Pers ) Gill — In sphagnum, north of 
Newberry, Aug 28, 1933, E B Mains and A H Smith (33-524) 
This is apparently the first report for the state Durand (13) 
gives the distribution as the northeastern United States and 
Ontario 

Trichoglossum Fablowii (Cooke) Durand — On ground west of 
Marquette, Sept 9, 1933, E B Mams (32-670) Apparently 
the first report for the state Durand (13) gives the distribution 
as Vermont to Florida and Mississippi 

TaicHOGLOssuii Walter! (Berk ) Durand — Mud Lake, Whitmore, 
Aug % 1929, A. H Smith, det A H S , east of Michlgamme, 
Sept 11, 1933, E. B, Mains (33-644) Apparently not previously 
reported from the state Durand (13) gives the distribution as 
New Hampshire to Alabama west to Minnesota 

irregularis (Pk ) Durand — In cedar swamp east of 
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Miehigarame, Sept 11, 1933, E B Mains (33-640) Povah 
(39) reports this species also from Isle Royale 
Mitrula morchelloides, sp nov — SporophoribuM gramhbus, 18- 
20 mm longis, pileie pallide fuscis, cylindncis vel elllpsoideis, 
1-2 mm longis, 1 mm latis, ahquantulum irregulonter, longi- 
tudinal! ter sulcatis, etipitibus filiformibus, ascis clavatis, 36-50 
X 4-6 apice paululum iodo coeruleo-t metis, ascospons fusotdeo- 
elhpsoideis, submflexis, 5-7 X 2-2 5 ja, paraphyeibus filiformibus 

In humida terra Specimen typicum m Herbano Michiganensi 
conservatum, Wagner's Falls, Mumsmg, Michigan, June 12, 1933, 
E B Mams (33-193) 

Sporophores slender, 18-20 mm long, pileus pale brown, cylin- 
dno to ellipsoid, 1-2 mm long, 1 mm wide, more or less irregularly 
longitudinally furrowed, stipe filiform, asci clavate, 36-50 X 
4-6 ju, ape* staining slightly blue with iodine, asoospores fusoid- 
elhpsoid, slightly curved, 5-7 X 2-2 5 ju, paraphyses filiform 
Plate XVI C 

In wet soil Wagner's Falls, Munising, June 12, 1933, E B 
Mams (33-193) 

This is a dainty little species which is not likely to be found 
except by careful search It has a very distinctly ndged pileus 
It somewhat resembles Mttrula mutcicola P Henn and M 
Rehmn Bres These species, however, have a more cerebroid 
arrangement of the ndges They are yellow to orange and have 
larger asci 65-75 X 6-8 ji, and ascospores 10-13 X 2-3 ju 
(Durand 13) 

Vibbibsea TRtJNcoRUM Fr — On rotting sticks in cold running water, 
near Big Garlic River, Big Bay, June 13, 1933, E B Maine and 
A H Smith (33-199), south of Sand River, June 16, 1933, 
EL B Mains (33-360) Plate XVI A This interesting species 
has been seldom collected in Michigan Povah (37, 39) has 
reported it from Vermilion and Isle Royale In 1933 it was found 
in considerable abundance, especially near Big Bay, where nearly 
every stick in certain brooks was covered with it 
CayptOKYCBS Ptrbidis (Fr) Rehm, — On Ptens aquihna, Rock 
River, June 10, 1933, E B, Mains (33-157), Whitefish, June 16, 
1933, E, B Mams (33-364), Harbor Springs, Aug 20, 1933, 
E B Mains (33H*64) Plate XVI D This is apparently the 
Amt report of this species for the state It probably is not an 
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uncommon parasite on Pier is aqmhna It is usually collected in 
the summer on the green fronds when the fungus is immature, 
occurring as black, oblong, sclerotium-hke masses on the fronds 
It was first located at Rock River m 1932 The locality was re- 
visited in the spring of 1933, and abundant mature material was 
obtained on the dead overwintered fronds on the ground 
Keithia thujina Durand — On Thuja occidentals , Copper Harbor, 
Sept 1, 1930, M W Gardner, det 0 B Cummins, Emerson, 
Aug 25, 1933, E B Mams (33-492) This parasite caused 
considerable defoliation of white cedar m the upper Peninsula 
during the summer of 1933 The asci are two-spored (Plate 
XVI B), and the spores are two-celled, with one cell poorly 
developed and inconspicuous Durand (14) has discussed the 
relationship to other species of the genus, and Weir (44) has 
suggested possible means of oontrol 
Lophodermium jvniferincm (Fr ) De Not — On Juntperus com- 
munis, Ann Arbor, April 22, 1922, L E Wehmeyer, det L E W , 
Pinckney, July 25, 1933, E B Mains (33-406) This is not an 
uncommon species on jumper, but apparently has not been re- 
ported before from the state 

Nectria ochrolbuca (Schw ) Berk — On Acer saccharum , north 
of Ann Arbor, Oct 1931, D V Baxter, det H W Wollenweber 
This and the next species were attacking trees which had been 
injured by fire 

Nbonrctria cae8pito8a (Fuck ) Wr — On Acer aaccharum, north 
of Ann Arbor, Oct , 1931 D V Baxter, det H W Wollenweber 
Claviceps nigricans Tul —On Eleocharts rosieUata, Pelllston, 
July, 1932, C D La Rue This is apparently the first report for 
the state Seaver (41) lists this species only from North and 
South Dakota 

Hypoxtwjn GLOMEBATtTM Cooke — Ann Arbor, May 5, 1922, 
C H Kauffman, det J H Miller 
HypoxrtoN papillatum E AE -On Tiha sp , Ann Arbor, 1921, 
C H Kauffman, det J H Miller 
Colbosporium Soudaqinis (Schw ) Thtim , I — On Pintw resmosa, 
Ann Arbor, June 15 to 24, 1932, E B Mains The aecia of this 
rust occurs yearly in abundance in a pine plantation of the 
Forestry School of the University of Michigan, as reported by 
Baxter (5) He notes that the aecia are associated with rust on 



85 


Michigan Fungi 

species of Sohdago whereas species of Aster in the vicinity are 
free In the spring of 1932 aecia from this plantation wero used 
to inoculate Aster encodes^ A laetns, A lateriflorus, A macro- 
phyUus } A Novae-angliae, A pamculatus, Sohdago bicolor, S ca- 
nadensis , and S sempertnrenSf which have been listed as hosts for 
the species Infection was obtained only on the species of Soli- 
dago, this indicates the existence of specialized races in this 
rust 

Melampsora Biolowii Thtlm , I — On Lanx laricma, Ann Arbor, 
May 25, 1933, E B Mains (33-57) Infection of Lanx was 
produced from inoculations with germinating telioepores from 
Sahx sp 

Phragmiditjm Andersoni Shear, II, III — On PoteniiUa Jru- 
ticosa , George Reserve, Pinckney, Oct 10, 1931, E B Mams 
(31-844) This species is fairly common in the northern United 
States and Canada, but apparently has been seldom collected in 
the state 

Puccinxa Antirrhini Diet Holw , II, III — On Antirrhinum 
tnaju$, greenhouse of the Botanical Garden of the University of 
Michigan, Ann Arbor, April 2, 1933, E B Mams Plants being 
used in rust investigations developed abundant telia Telia in 
this species are not commonly produced 
PucciKia Erigeniab (Orton) Arth , 0, 1, III — On Engenxa bvlbosa, 
Ann Arbor, May 15, 1932, G W Fischer, dot G W F This is 
apparently the first report of this species from Michigan Arthur 
(2) has reported it from London, Canada, and Oberhn, Ohio 
PlTCCINIA GRAM INIS PerS Sp f PHJUBI-PRATEN8IS, II, III — On 
Phleum pratense, Chatham, Aug 22, 1932, E B Mains (32-206) 
The telia of the race on timothy are rarely collected 
PtrccmiA Iridis (DC ) Wallr , II, III — On Ins versicolor, near 
Lansing, Oct , 1932, G W Fischer The telia of this rust are rare 
in the eastern United States (Mains 34) Telia of a portion 
of this collection were overwintered and when germinating m 
the spring of 1933 were sown on plants of Valeriana officinalis, 
which Tranzschel (43) has shown to be the aecial host in Russia 
No infection was obtained This result, taken with previous 
results (34), indicates that the rust of Iris in the eastern United 
States differs from the Russian not only in its specialization to 
species of Iris but also in its aecial host 
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Pticcinia paradoxica Ricker, III --On Mehca Smxihn, Chatham, 
Aug 22, 1932 (32-204) , Au Tram Falla, Forest Lake, Aug 25, 
1932 (32-334), Miner's Falls, Mumsmg, Aug 30, 1932 (32-450), 
Rock River, Sept 1, 1932 (32 497), Au Sable Lake, Grand 
Marais, Sept 8, 1932, II, Chatham, June 17, 1933 (33-366), 
Au Train Falls, Forest Lake, June 17, 1933 (33-370) All col- 
lections by E B and E E Mains 
Pucama paradoxica was described by P L Ricker (40, p 144) 
from a collection made by C F Wheeler at “Chatham Station," 
Michigan, Aug 22, 1900 As Ricker notes, this rust is unique 
among species of Puccima on grasses on account of the con- 
spicuous verrucose markings of the tehospores, which take the 
form of somewhat irregular warts 
Previous to 1932 the rust was known only from the type col- 
lection One of the objects of the trip to the Upper Peninsula in 
1932 was to rediscover this species if possible A search In the 
vicinity of Chatham soon resulted in the location of grass abun- 
dantly rusted By further search the rust was found in a number 
of localities It usually was restricted to fairly small areas, the 
largest being a strip of about a mile along the path leading into 
Miner’s Falls east of Mumsmg Also an examination of the 
phanerogamic collections in the University Herbarium resulted 
in finding a small amount of the rust on a specimen of Mehca 
Smitku, collected at Levering, Emmet Co , July 19, 1920, by 
J H Ehlers 

As in the type collection, all the specimens of 1932 had only 
tclia, in which a few uredmiospores occurred After a careful 
search in the spring of 1933, two small areas of the grass fairly 
heavily rusted with uredinia were discovered The description of 
this stage is as follows 

II Uredima hypophyllous in chlorotic spots, oblong or linear, 
about 0 5-10 mm long, orange-yellow, early naked, pulverulent, 
paraphyses numerous, capitate or clavate-capitate, peripheral, 
40-70 a long with head 16-30 m broad and stipe 4-5 /u in diameter, 
the wall thin, about 05 ^ uniform, urediniospores ellipsoid or 
subgloboid, 20-28 X 18-22 wall pale yellow, 2-3 m thick, 
moderately echinulate, the pores obscure 
Puccima rubioo-vkra (DC.) Wmt sp. f Sbcaus (Erikas & Henn ) 
Carleton, 0, I — On Anchuta officmahs and Lycops ts arpenm, 
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Botanical Garden of the University of Michigan, Ann Arbor, 
Sept 30, 1032, E B Mains (32-853) Rye straw bearing teha 
of this rust was used to mulch plants of Anchusa officinalis, 
Cennthe minor , Cynoglossum officinale , C pictum, Echium vulgare, 
Lycopm arvensts , and Symphytum officinale m the late summer 
of 1932 Aecia developed only on Anchusa officinalis and Lycopsis 
arvensis This agrees with previous results obtained with this 
rust 

Puccinia Sorghi Schw , 0, 1 — On Oxahs cormculata y in a greenhouse 
of the Botanical Garden of the University of Michigan, May 20, 
1932, E B Mains The aecia were produced by inoculating with 
telia from maize 

Puccinia Vincas (DC ) Berk , II, III — On Vinca major in green- 
house, Grand Rapids, May 19, 1920, G H Coons This is ap- 
parently the only record of the rust for the state It has also been 
reported from Massachusetts 

Uromycks flectens Lagerh , III — On Tnfoltum repcns } Ann Arbor, 
Nov 9, 1931, E B Mams This is apparently the first report 
for Michigan It is the short-cycled rust correlated with com- 
mon long-cycled species Uromyces Trtfoln Arthur (1, p 448) 
places U flectcns under Puccimola nermphila (Grognot) Arth and 
describes pyoma and aecia During 1931 and 1932 this rust was 
repeatedly inoculated on white clover, with only the production 
of telia It would appear that there are two species Lagerheim 
(30, p 36) without question described the short-cycled rust, and 
it seems best to use his name 

Ajjcidiuu hydnoideum Berk A Curt , 0, I — On Dxrca pdlustns, 
north of Pinckney, May 28, 1932, E B Mams (32-10) This rust 
occurred in such abundance that plants of Dir ©a could be located 
from a distanoe by their yellow color Professor Ernst A Bessey 
tells me he collected this rust in 1919 and 1920 in Gogebic and 
Alger counties 

Eocronartium mubcicola (Ft) Fitzpatrick —On Thuidium mi- 
cropkyUim (det W C 8teere), maple woods near Turtle Creek, 
Bay Shore Drive, Menominee County, Aug 17, 1933, Carl O 
Graasl (3092). Plate XVII £ This is the first report of this 
interesting species for Michigan Fitspatrick (15) has studied 
it and has concluded that it belongs w the Auriculariaceae He 
suggest© that it may represent an ancestral form of the rusts 
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Dacromyces Ellisix Coker — On Alnus up , Rock River, Sept 12, 
1927, D Swartz, det G W Martin 

Exidia recisa Fr — Whitmore, Nov 3, 1929, and Quincy, Nov 15, 
1929, B B Kanouse, det G W Martin 

Guepiniopsis spathtjlarius (Fr ) Fat — Quincy, Aug , 1921, and 
Pinckney, July 4, 1930, B B Kanouse, det G W Martin 

Thhucprora cabspitulans Sohw — On soil in woods, Ann Arbor, 
Sept 4, 1932, A H Smith (S 32-356), det A H S Burt (8) 
states that this species is rare 

Cyphella fasciculata (Schw) Berk & Curt —On Sahx, Ann 
Arbor, May 10, 1933, A H Smith (S 33-19), det A H S 
Povah (39) reports this species for Isle Royale also Burt (9) 
states that it is common on Alnua, but it has not been frequently 
oollected in the state 

Ctphella sulphur ba Bfttsch ex Fr — On dead, decaying stems 
of Impatiens, along the Huron River, Ann Arbor, May 19, 1933, 
Smith, Mains, and Kanouse, defc A H Smith Plate XVII C 
Apparently this beautiful species has not previously been re- 
ported from Michigan Burt (9) states that it is rare and lists it 
only from New York 

Cyphella Tiliae (Pk) Cooke — On rotting wood, Ann Arbor, 
May 27, 1933, A H Smith (S 33-96), det A H S Plate XVII A 
This apparently has been collected only a few times in Michigan 
Povah (39) reports it from Isle Royale, and Burt (9) lists a speci- 
men collected by G H Hicks, Michigan State College 

Physalacbia inflata Pk — On rotten log, north of Harbor Springs, 
Aug 17, 1933, A H Smith (S 33-054), det A H S This is not 
an uncommon species, but is not collected frequently There are 
specimens in the University Herbarium from Bay View, Rock 
River, Vermilion (Povah, 37), and Washtenaw Co (Kauffman, 
20) Its position is uncertain m the classification of fungi It 
is usually placed in the Qavanaoeae Kneger (29), however, 
states that the hymenium occurs on the lower surface of the 
pilous, which has obscure folds, and considers that it belongs in 
the Ag&ncaceae 

Tyfhula phacorrhiza (Reich) Fr — Arising from buried scierotia, 
Ann Arbor, Oct 23, 1931, E B Maine and A H Smith (31- 
730) 

CtiAVARu Cacao Coker — Cascade Glen, Ann Arbor, Aug 15, 1932, 
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A H Smith (8 32- 299), det A H S This species has the odor 
of cocoa butter 

Clavaria citriceps Atk — Lakeland, Sept 19, 1932, A H Smith 
(S 32-448), det A H S 

Clavaria TO.IPES B A Rav — Under spruce, Ann Arbor, Oct 18, 

1931, E B andE E Mains Povah (37) has reported this species 
for Vermilion 

Clavaru gracillima Pk — On rotting leaves, George Reserve, 
Pinckney, Nov 1, 1931, E B and E E Mams (31-571) 
Clavaria muoida Pers — With algae on rotting logs, etc , Lakeland, 
Nov 15, 1931, E B Mains (31-638), Whitmore Lake, Sept 8, 

1932, A H Smith, det A H S , Stockbridge, Nov 17, 1931, 
E B Mains (31-693), east of Marquette, Sept 4, 1932, E B 
and E E Mains (32-553) Plate XVIII A This species has 
also been reported by Pollock and Kauffman (36) from Ann 
Arbor On account of its algal association Coker and Couch (12) 
have suggested that it may be on the way to become a lichen if it 
is not already one 

Clavaru OBTueisanu Pk — Cascade Glen, Ann Arbor, Aug 17, 

1932, A H Smith (S 32-304), det A H S Povah (39) reports 
this species from Isle Royale also 

Clavaria ornatipes Pk — On ground in sphagnum, Rock Raver, 
Sept 6, 1932, E B Mains (32-606) Plate XVIII B This is 
the first record for Michigan of this somewhat uncommon species 
Burt (10) places xt in Lachnocladium 
Cyclomyckb Grbenii Berk — On soil in open woods, Lakeland, 
July 27, 1932, Sister Sylvia (Messinger), det L E Wehmeyer 
Plate XIX B This is the first record for Michigan of this rather 
rare species Overholts (35) reports it from Ohio, Minnesota, and 
Iowa 

Boletus Cliktonunus Pk — Cedar Lake, Sept 24, 1904, C H 
Kauffman, Bay View, Sept 1, 1905, C H Kauffman, Ann Arbor, 
Aug 14, 1925, C H Kauffman, Ann Arbor, Nov 13, 1931, 
E B Mama and B B Kanouse (31-743), Marquette, Sept 5, 

1933, E B Mains (33-599) 

Boletus cyanescens Bull — Bay View, July 31, 1905, C H Kauff- 
man, Houghton, July 26, 1906, L H Pennington, det C H 
Kauffman, Marquette, Aug 27, 1906, C H Kauffman, Ann 
Arbor, July 16, 1921, Helen Dykeman, det L E Wehmeyer, 
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Harbor Springs, Sept 13, 1932, E B Mains (32-750) Longyear 
(33) states that this species is rare in the state 

Boletus obnatipes Pk — Houghton, Aug 10, 1906, L H Penning- 
ton, det C H Kauffman, Harbor Springs, Sept 15, 1932, E B 
Mains (32-788) Kauffman (18) has reported thiB species from 
Wayne County also 

Bolbtinub cavipes Kalohb — Whitmore Lake, Oct 2, 1929, A. H 
Smith, Oct 25, 1931, and Oct 3, 1932, E B Mains, Marquette, 
Sept 10, 1933, E B Mams and A H Smith (33-639) Plate 
XX A Kauffman (18) has reported this species from Washtenaw 
County also 

Boletinos gkisrllus Pk — George Reserve, Pinckney, Oct 9, 1932, 
E B Mains (32-865), Marquette, Sept 5, 1933, E B Mains 
(33-603) Kauffman (18) reported this species from Washtenaw 
County 

Boletinus paluster Pk — Rock River, Sept 6-8, 1927, D Swartz 
and C H Kauffman, Marquette, Sept 4, 1933, E B Mains 
and A H Smith (33-596) This species has been reported by 
Kauffman (18) from Washtenaw County and by Povah (39) from 
Isle Royale 

Gautieria MoncHKLLiroKMts Vill -Cascade Glen* Ann Arbor, 
Aug 18, 1932, A H Smith (S 32-313) Plate XIX A Kauff- 
man (23) collected this rare species m the same locality in Oct , 
1910 

Phaluxjastkr saccatus Morg — On rotten log, Pinckney, July 17, 

1930, B B Kanouse, det B B K Kauffman (20) has reported 
this species from Ann Arbor and states that it is rare 

Hydnanoium Fitzpatrickii Zeller A Dodge — Cascade Glen, Ann 
Arbor, Sept 2, 1912, C H Kauffman, det Zeller and Dodge 

; Zeller m a letter states that this is the second collection of the 
species 

Rkizopogon roseolub (Corda) Zeller A Dodge — Oak woods, Ann 
Arbor, Oct 2, 1926, Mrs C H Kauffman, det S M Zeller 

Mblamogastbr vahiegatus (Vitt ) Trel — Ann Arbor, Oct 2, 1926, 
L E Elsvall, Oct 31, 1920, C H, Kauffman, Oct 15, 1929, 
A H Smith All det by S M Zeller 

Scleroderma G raster Ft — George Reserve, Pinckney, Nov 10, 

1931, E B and E E Mams, det B B Kanouse Plate XX B 
This species apparently has not been reported previously* Coker 
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and Couch (12) report this species for Florida, North Carolina, 
South Carolina, and Tennessee 

Sphabrobolus stjbllatus Tode — On rotting logs and d£bns, 
Harbor Springs, Sept 10, 1931, E B Mains (31-783), Dexter, 
Oct 17, 1931, E B Mains (31-787), Ann Arbor, Oct 18, 1931, 
E B Mains (31-780) This species has also been reported by 
Kauffman (20) for Washtenaw County and by Povah (39) for 
Isle Royale 
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NEW SUMATRAN PLANTS II 

ELMER D MERRILL 

I N THIS second paper a considerable number of species, originally 
described from extra-Sumatran material are here recorded from 
Sumatra for the first time, and the Sumatran ranges of others are 
extended The first paper of the senes appeared in the preceding 
volume of the Papers (19 149-204) 

ORAMINEAE 

Ebunthus D&CU&-SYLVJU5 Ridl , in Joura Malay Branch Roy As 
Soc», 1 110 1923 

Enanthus sumatranus Henr , in Fedde, Report , 22 349 1926 

Sumatra, Tapianoeli, Sibolga to Taroetoeng, Yates 2538, Apnl 29, 
1927, at the edge of the forest, altitude about 1000 m 

I have not seen the type of either species, but rather confidently 
refer Yates 2533 to Ridley's species (type from Bfirastagi), and reduce 
to it Henrard’s species (types from Sibolangit and Habinsaran) 

COMMELINA CEA E 

Fohrbstia irritanb Ridl , in Joura, Straits Branch Roy As Soc , 
41 38 1904, FI Malay Pemn,4*361 1924 

Sumatra, East Coast, Vale of Tangga, below Adian Langge, 
Aaahan, Bartlett 7707, May 12-21, 1927 Previously known only 
from the Malay Peninsula 

PHYTOLACCACEAE 

Phytolacca icosandba Linn , Syst , ed 10, 1040 1760, Sp PI , 
ed 2,631 1762, H Walt , m Fflansenreich, 39 (IV 83) 60 1909 

Sumatra, East Coast, old jungle at edge of clearing near Aek 
Kanopan, Loendoet Concession, Koealoe, and Tapianoeli, Hoeta 
Gindjang (northwest of Balige), Toba, Bartlett 7003, 8334, March 
and June, 1027 A widely distributed tropical American species, here 
introduced and naturalised as it is in Java 

96 
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ANNONACEAE 

Dkbpananthus prunifbrus Maing , in Hook f , FI Brit Ind , 
1 66 1872, King, m Ann Bot Gard Calcutta, 4 48, PI 66 
1893, Ridl , Fi Malay Pernn , 1 37 1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartlett 7018 , March 21, 1927 Malay Peninsula 

The flowers are immature, the leaves are densely and softly 
pubescent beneath, varying from glaucesoent to ferruginous More 
complete material may prove that this Sumatran form is distinct 
from the one in the Malay Peninsula 

Polyalthia bullata King, in Joum As Soc Bengal, 61(2) 64 
1892 (Mater FI Malay Penm , 1 313 1892), Ann Bot Gard 
Calcutta, 4 79, PI 111 1893, Ridl, FI Malay Pemn , 1*65 
1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Conces- 
sion, Koealoe, Bartlett 781 9 , April, 1927 Malay Peninsula, Borneo 

Polyalthia pesmantha (Hook f & Th ) Ridl , in Joura Straits 
Branch Roy As Soc, 75 6 1917, FI Malay Pernn, 1 49 1922 
Unona deemarUha Hook f <fe Th , m Hook f , FI Bnt Ind ,1*61 
1872, King, in Ann Bofc Gard Calcutta, 4 60, PI 83 1893 

Sumatra, East Coast, Marbau, Bilah, near Biiah Pertama (Par- 
basiran), Rahmat 888, February, 1928, Aek Kanopan and Aek 
Sordang, Loendoet Concession, Koealoe, Bartlett 8888 , 7888, March 
and April, 1927 Malay Peninsula 

The pedicels of the Sumatra form are longer than those described 
for the type, varying from 2 to 5 cm in length 

Polyalthia stenopetala (Hook f & Th ) Ridl , in Joum Straits 
Branch Roy As Soc, 74*6 1917, FI Malay Pctdn, 1 60 
1922, Finet and Gagnep , in Mto Soc Bot Franoe, 5 42* 1906 
(Contrib FI As Orient , 2 96 1907) 

Unona stenopetala Hook f 8c Th , FI Ind , 136 1866, King, in 
Ann Bot Gard Calcutta, 4 61, PI 85 1893 
Uvarta cnntta Hook f , FI Bnt Ind , 1 61 1872, King, op, eU , 
61, Pi 84 1893 
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Sumatra, East Coast, Goerach Batoe, Yates 1753 , 1951 Malay 
Peninsula 

Xylopia ferrcginka (Hook f & Th ) Hook f , FI Brit Ind , 
I 83 1872, King, m Ann Bot Gard Calcutta, 4 151, PI 198 
1893, Itidl , FI Malay Pemn , 1 93 1922 
Habzeha ferruginea Hook f & Th , FI Ind , 123 1855 

Sumatra, East Coast, Bandar Poeloeh, Aeahan, Yates 3147, 3563 
Malay Peninsula, Borneo 

CRUCIFERAE 

Cardamine africana Linn , Sp PI , 655 1753, var borbonjca 
(P ors) O Schulz, in Bot Jahrb, 32 415 1903, Koord Ex- 
kursionsfl Java, 2 289, Fig 53 1912 
Cardamine borbomca Pers , Syn , 2 195 1806 
Ptcroneurum javamcum Blume, Bijdr , 51 1825 
Cardamme javantca Miq , Illus FI Arch Ind , 17, PI 10 1871 

Sumatra, East Coast, D£l6ng Singkoet, north of BSrastagi, Karo 
Plateau, Bartlett 6575, February, 1927 Bourbon, Ceylon, Java, the 
species is widely distributed in the tropics of both hemispheres 

CAPPAR1DACEAE 

Cleome ciliata Schum <fe Thom , in Dansk Vid Selskabs Skrifter, 
4 67 1827 (Beekr Gum Plant, 294 1827), Oliv, FI Trop 
Afr , 1 78 1868, Jochems, in Trop Nat , 82, Figs 1-2 1928 
Cleome guineerms Hook , Niger FI , 218 1849 

Sumatra, East Coast, Kisaran, Asahan, Hamel 1501 , October 14, 
1928, Soengei Bedjangkar, Batoe Bara, Rahmat 1418, September 23, 
1928 Tropical Africa, Java, Penang, Singapore 

This is a recently introduced weed m Sumatra It was found 
also in Penang, Hantff 551, December, 1928, and in Singapore, 
Clemens 38614, November, 1929, and occurs here and there m Java 
It is not included in Ridley’s Flora of the Malay Peninsula Mr 
Jochems has already recorded it from Sumatra 

SAXIFRAGACEAE 

Polyosma LATTFOLiA Schitr , in Bot Jahrb , 52 135 1914 
Polyoma ft atxmrens Bidl , in Joum Straits Branch Roy As Soc , 
75*32 1917, FI Malay Penin , 1 * 686 1922 
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Polyosma veluUna King, in Joura As Soc Bengal, 66 (2) 304 1807 
(Mater FI Malay Penin , 3 304 1807), non Blume 

Sumatra, East Coast, Bandar Poelau, Yates £ 694 Malay Penin- 
sula and Borneo 

As Ridley notes, the Malay Pemnaula form that King ascribed 
to Polyosma velutina Blume is not closely allied to the Javan spe- 
cies, but he overlooked the publication of Polyosma latifoha Schltr 
(1914), which is the same as P fiavovirens Ridl New to Sumatra 

ROSACEAE 

Parana WanucHii Steud , Nomend , ed 2, 2 404 1841 
Cerasus acuminata Wall , List, no 722 1829, nomm nudum, PI As 
R&r , 2 78, PI 181 1831 

Cerasus intcgerrima Wall , List, no 722 1829, nomen nudum 
Prunus acuminata D Dietr, Syn, 3 42 1843, Hook f , FI Brit 
Ind , 2 317 1878, Koehne, in Bot Jahrb , 62 296 1915, non 
Mich* 

Laurocerasus acuminata M Roera , Syn , 3 92 1847 
Prunus mtegemma Steud , Nomenol , ed 2, 2 403 1841 
Cerasus WaUtchn M Roem , Syn , 3 81 1847 

Sumatra, East Coast, D&fcng Singkoet, north of Bfirastagi, Karo 
Plateau, Bartlett 8565 , June 24, 1927 Himalayan region to Burma, 
Siam, Yunnan, and Indo-Chma 

A rather critical comparison of this excellent Sumatran specimen 
with material from Sikkim, Siam, and Indo-China shows no charac- 
ters by which I can distinguish it from Prunus Walhchn Steud It 
is clearly not Prunus Forbem Koehne, type from Sumatra, which, 
incidentally, Hallier f states cannot be distinguished from Prunus 
jammca Miq Possibly Bartlett 8661 , from the same locality, 1$ 
referable here, but my specimen has abnormal inflorescences with 
only very immature buds 

LEOUM1NOSAE 

Pithucellobutm CONTORT?* (Grah) Mart , in Flora, 20(2) Beibl 
114 1837, Pram ex King a ad Gamble, in Joum As*.,Soo Ben- 
gal, 66(2) 272 1897 (Mater FI Malay Penin, 3 272 1897); 
Ridi , FI Malay Penia , 1 664 1922 
Inga gontorta Grah , in Wall , List, no 6283 1832, nomen nudum. 
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Sumatra, Last Coast, near Aok Sordang, Loendoet Concession, 
Koealoe, Bartlett 7679, 7694 , Apnl 30 and May 3, 1927 Malay 
Peninsula, Penang 


RUTACEAE 

Evodia spkciosa Relohb f & Zoll ex Teysm & Bmn , in Nat 
Tijdschr Nederl Ind , 29 256 1867 , Hoohr , PI Bogor Lxsic , 
52 1904 (No 110) 

Sumatra, East Coast, Goerach Batoe, Asahan, Yates 1887 , 
Dfilfing Singkoet, north of Bfcrastagi, Karo Plateau, Bartlett 8668, 
June 27, 1927 Java 

The Sumatran form apparently has larger fruits than the Javan 
one, and may eventually be shown to represent a distinct species 

Merrillia caloxylon (Ridl ) Swingle, in Philip Journ Sci Bot , 
13 338, Pis 6-6 1918, Ridl, FI Malay Peninsula, 1 364, 
Fig 36 1922 

Mur ray a caloxylon Ridl , in Journ Straits Branch Roy As Soo , 
60 113 1908 

Sumatra, East Coast, Silo Maradja, Asahan, Bartlett 7190 , 8461 , 
Apnl and June, 1927 Malay Peninsula and Siam, the genus is 
new to Sumatra 

Paramignya Andaman ic a (King) Tanaka, in Bull Soc Bot France, 
75 712 1928 

Paramignya armata Ohv var andamamca King, in Journ As Soc 
Bengal, 66(2) 223 1893 (Mater FI Malay Penin, 2 466 
1893) 

Sumatra, East Coast, Damoeli, Koealoe, Rahmat 1681 , October, 
1928. Andaman Islands, Indo-China, Borneo {Wood W0 det 
Tanaka), Sumbawa, new to Sumatra 

Zanthoxylum acanthopodium DC, Prodr, 1 727 1824, Hook 
L r FI Brit Ind, 1:493 1875 

Sumatra, East Coast, Bgraatagi, Yates 1648 > April 15, 1926 
The specimen agrees closely with Indian material and with the 
published descriptions Subtropical Himalaya mid the Khasia Moun- 
tains; new to Sumatra. 
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MELIACEAE 

Dysoxylum cauliflorum Hiem, in Hook f , FI Bnt Ind ( 1 540 
1875, C DC , Monog Phan , 1 498 1878, King, in Journ As 
Soc Bengal, 64(2) 45 1895 (Mater tl Malay Pemn , 2 583 
1895), Kidl , FI Malay Pemn , 1 396, If ig 40 1922 

Sumatra, East Coast, old jungle near Aek Kanopan, Loendoet 
Concession, Koealoe, Barth U 7827, April, 1927 Malay Peninsula 

POLYOALACEAE 

Poly gala pfrsicariaefoua DC, Prodr, l 326 1824, Chodat, 
in M&n Soc Phys Hist Nat Gcnfcve, 31(2) 331 1893 

Sumatra, East Coast, Stmcioengoen, Yates 1940, between langga 
and Pardoeaan, Habinsaran, TapianoeU, Bartlett 7779 , May, 1927, 
D615ng Piso-piso, Karo Plateau, Bartlett 6684, January, 1927 India 
to southern China, Luzon, Java, Timor, and tropical Australia, not 
recorded from the Malay Peninsula The Sumatran form is ap- 
parently the var Walhchiana Chodat, l c 

EUPHORBIACEAE 

Acalypha bkachystachya Hornem , Enuin PI Hort Hafn , 1 
1807, Hort Bot Hafn, 2 909 1815, Pax and Hoffm, m 
Pflanzenreich, 81 (IV 147 XV) 101 1922 

Sumatra, East Coast, lower slopes of D£15ng Sibajak, and Kfcban 
Djahe, Karoland, Hamel <fc Rahmat 749 , 676a, June, 1928 Extending 
from tropical Africa through tropical Asia to southeastern China and 
Java, but not previously recorded from Sumatra 

Aporoba aurba Hook f, FI Bnt Ind , 5 351 1887, Pax and 
Hoffm , in Pflanzenreich, 81 (IV 147 XV) 87 1922 

Sumatra, East Coast, Marbau, near Bilah Pertama (Parbamran), 
Rahmat $80, March, 1928, a staminate specimen Malay Peninsula, 

Baccacrea Gbiitithu Hook f , FJ Brit Ind , 5 371 1887, Pax 
and Hoffm , in Pflansenneich, 81 (IV 147 XV), 66 1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartlett 7078 , March 24, 1927 Malay Peninsula 
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Botryophora Kinoii Hook f , FI Bnt Ind , 5 476 1888, Rtdl , 
FI Malay Penin , 3 282 1924 

Sumatra, East Coast, Silo Maradja, Asahan, Bartlett 7258, April, 
1927, near Taloen Djonng, Rahmat 29, December, 1927, Damoeh, 
Koealoe, Rahmat 1527, October, 1928 Malay Peninsula, Siam 
Two of the specimens have male flowers, the others are sterile 
Ridley w 1924 cited but two collections and stated that the female 
flowers and fruits are unknown I strongly suspect that the genus 
belongs in the Euphorbiaceae-Acalyphcae-Mercunahnae, although 
Pax and Hoffman do not admit it in their monographic treatment 
of 1914 1 As noted by Hooker f in the original description, the 
structure of the anthers is very characteristic Material with pis- 
tillate flowers and fruits is much needed 

Brioeua retuba (Linn) Spreng, Syst , 3 48 1826, JabI , in 
Pflansenreich, 66 (IV 147 VIII) 69, Fig IF, 12 C-E 1915 
Cluytta retusa Linn , Sp PI , 1042 1753 

Sumatra, Tapianoeli near Kota Napan, Yales 2405 , in open 
forests and grasslands India and Ceylon to Burma, Siam, and the 
Malay Peninsula 

Trigonobtkmon sumatranus Pax & Hoffm , in Pflanzenreich, 47 
(IV 147 III) 90 1911 

Sumatra, East Coast, Bandar Poeloeh, Asahan, Yates 1789 , 
August, 1925, Damoeli, Koealoe, Rahmat 1514, October, 1928, near 
Aek Sordang and Aek Kanopan, Loendoet Concession, Koealoe, 
Bartlett 6981, 6969 , 6975, 7618 , May, 1927, Silo Maradja, near 
Taloen Djonng, Asahan, Rahmat 59, December, 1927, between 
Bangoen Dolok and Dolok Maradja, Asahan, Rahmat 1212, 1225, 
September, 1928, Hamel 1240 , September, 1928 

It is apparently this dioecious species that is well represented by 
the foregoing series of specimens with excellent st&mlnate and pis- 
tillate flowers and fruits Pax and Hoffmann's description was based 
on a fragmentary specimen (Forbes 2647) The staminato specimens 
rather closely approximate Henry 11947 from Yunnan, the type 
collection of Trigonostemon thyrmdeus Stapf, which, however, Pax 
and Hoffmann indicate as having glabrous ovaries, in the Sumatran 

^ PII«»enmich 1 68(IVl47 VII) t-472, Figs 1-47 1914 
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material cited above the ovaries are pubescent The pistillate in- 
florescences are racemose, not paniculate This Sumatran species 
is apparently very closely allied to Trxgonostemon malaccanu s Muell - 
Arg of the Malay Peninsula 

CELASTRACEAE 

Celastrus malayensis Ridl , in Journ Straits Branoh Roy As 
Soc , 75 18 1917, FI Malay Pewn , 1 451 1922. 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartlett 0864, March 12, 1927, Malay Peninsula 

This seems to be the same as the Malay Peninsula form described 
by Ridley as Celastrus malayensis, a form confused with Celasirus 
Championi Benth, but one having much smaller fruits than the 
Chinese species 

ICAC1NACEAE 

Gonocartum melanocahpum Hochr , PI Bogor Exsic , 42 1904 
(No 87), Bull Inst Bot Buitenzorg, 22 49 1905 

Sumatra, East Coast, Kuala Masihi, Asahan, Yates 8880, Dolok 
Maradja, Asahan, Rahmat t488 } October 7-8, 1928 

This species was imperfectly described from specimens cultivated 
in the Botanic Garden at Buitenzorg, Java, ongm unknown but 
evidently from some part of the Netherlands East Indies The 
Sumatra specimens very closely match Hochreutxner 87 (Garden 
number III G 105, 106), except in their apparently smaller fruit, 
although Hochreutiner gives no fruit measurements A drawing 
distributed with specimen No 87 shows the fruits to be about 5 5 cm 
long In the specimens here referred to Gonocaryum melanocarpum 
Hochr the fruits are 2 5 cm long 

BLAEOCARPACEAE 

Elaeocarpus PARVipoutJS Wall , List, no 2662 1831, nomen nudum, 
K Muell , Annot Fara Eiaeocarp , 24 1849, Mast , m Hook 
f,Fl Brit Ind,l 401 1874, Ridley, FI Malay Penin,l 310 
1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Conces- 
sion, Koealoe, a large tree, Bartlett 7$i8 t April, 1927 Malay Pento* 
fula, Borneo, 



New Sumatran Plants 


103 


STERCULIACEAE 

Byttneria Curtwii Oliv m Hook , Ic , 18, PI 1761 1888, King, 
in Journ As Soc Bengal, 60(2) 90 1891 (Mater FI Malay 
Penrn , 1 199 1891), Ridl , FI Malay Penin , 1 287 1922 

Sumatra, East Coast, Masihi, Asahan, Yates 8640, Marbau, 
Bilah, near Bilah Pertama (Parbasiran), Rahmat $68 , March, 1928, 
near Aek Kano pan, and Aek Sordang, Loendoet Concession, Koealoe, 
Bartlett 7884 , 7810 t 7$41, April, 1927, Malay Pemnsula 

Byttnrria Jacxiana Wall , in Eoxb FI Ind , 2 386 1824, Mast, 
in Hook f , FI Bnt Ind , 1 376 1874, King, in Joum As 
Soc Bengal, 60(2) 92 1891 (Mater FI Malay Pemn , 1 201 
1891), Ridl, FI Malay Pemn , 1 287 1922 

Sumatra, East Coast, Bandar Poeloeh, Asahan, Yates 881$ r 
Malay Pemnsula 

The generic name is usually spelled Bwettnma, but Loeflmg’s 
original spelling is Byttnena 

VIOLACEAE 

Rinorea comosa (King) Merr , m Joum Straits Branch Roy As 
Soc, Spec No 410 1921 

AUodeta comosa King, in Journ As Soc Bengal, 58 (2) 407 1889 
(Mater FI Malay Penin, 1 51 1889), Brtthl and King, in 
Ann Bot Card. Calcutta, 5(2) 127, PI 146B 1896, Ridl , FI 
Malay Penin,! 133 1922 

Sumatra, East Coast, near Aek Kanopan, Loendoet Concession, 
Koealoe, Bartlett 6874 , March 12, 1927, Marbau, Bilah, near Bilah 
Pertama (Parbasiran), Rahmat Ji6 t March, 1928 Malay Pemnsula, 
Borneo 

Rinorea Kcnstleriana (King) Taub , in Engler and Prantl, Nat 
Pflaucenfam, 3(6) 329 1895 

AUodeta Kvnstleriana King, in Journ As Soc Bengal, 58 (2) * 401 
1889 (Mater FI Malay Penin , 1 45 1889), Brtthl and King, 
in Ann Bot. Gard Calcutta, 5 (2) 122, PI 141 1896, Ridl , FI 
Malay Penin , 1 128 1922 

Sumatra, East Coast, Bandar Poeloeh, Asahan, Yates 8049; Silo 
Mftttdja, BariUU 8470, 8m, June, 1927 Malay Peninsula 
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Rinorba Waluchiana (Hook f & Th ) 0 Ktao , Rev Gen FI , 
42 1891 

Alaodeta Walltchiana Hook f A Th , m Hook f , FJ Bnt Ind , 
1 187 1872, King, in Journ As Soc Bengal, 58(2) 400 1889 
(Mater FI Malay Pernn , 1 44 1889), Ridl , FI Malay Pernn, 
1 128 1922 

Pentaloba macrophyUa Wall , List, no 4024 1831, nomen nudum 

Sumatra, East Coast, Aek na Gerger, between Djoema Tombak 
and Taratak, Tanah Djawa, Simeloengoen, Bartlett 8809, 8884, 
June 7-8, 1927 Malay Peninsula, Penang, Borneo (Samawang 
River, near Sandakan, C Boden Kloss 18655) 

MELASTOMATACEAE 

Blastus Coqniauxii Stapf, in Hook , Ic , 24, PI 2311 1894 

Sumatra, East Coast, Adian Langge, Asahan, Yates 1886 , 2855, 
near Pargambiran, Asahan, Bartlett 6785, February, 1927 Malay 
Peninsula, Borneo 

Dibsochabta sumatrana Boerl & Koord , in Koord -Schum , Syst 
Veraeich Herb Koord, II Sumatra, 46 1911 $ Dtploete* 

mones 

Frutex scandens, folus subtua et ramulia et mfbrescentus minute 
sed disttnete oonsperse Iepidotuhs, lepidulis castaneis, rmnutissime 
stellato-puberulte, glandulas simulantibus, ramis ramulisque tereti- 
bus, ultimis circiter 2 mm diametro, foliis subcoriaceia, oblongo- 
o vat is vel oblongo-lanceolatis, ngidis, acummatis, basi late rotundatis 
vel leviter cordatis 3- vel 5-nervus, 6 ad 10 cm longis, 2 5 ad 4 cm 
latis, supra nitidis, plerumque tn aiccitate pallide viridibus, nervis 
transversalibus subtus perspievus, rectis, utrinque usque ad 16, 
petiolo 0 8 ad 1 5 cm longo, pamculis fcerminaiibus, 10 ad 20 cm 
longis, ramis mferionbus usque ad 6 cm longis, bracteis decdduis, 
ut vldetur parvis, floribus rosaoeis, 4-meria, calyce cylindnoo- 
Urceolato, 6 mm longo, consperse minute stellatolepidoto, tubo 
basi acuto, subcyHndnco, 2 ad 2 5 mm diametro, obscure 4-den tato, 
petalis 4, ovatis, obtusis, 8 mm longis, staminibus 8, lnaequaiibue, 
mwonbus fijamentis 5 nun longis, anthens lanceolatis, acummatis, 
S mm longis, oonnectivo postioe appendiculato, appendicibus ob* 
longis vel lanceolatis, tenuibus, acuminatis, 1 2 ad 1 5 mm longis. 
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antioe appendicibus 2 setiformibus mstructo, sotis antheras sub- 
aequ&ntibus 

Sumatra, East Coast, near Aek Kanopan, Loendoet Conces- 
sion, Koealoe, BaitleU 6900 , 6995, 7315, March and April, 1927 
A species allied to Dtssochaeta punctulata Hook f of the Malay 
Peninsula, but the scattered indumentum is slellato-kpidotc, not 
furfuracoous 

This amplified description is supplied on the assumption that the 
specimens cited represent Dissochaeta mmatrana Boerl & Koord 
The original imperfect description is as follows il Dissochaeta mmor 
trana Boerl <fe Koord — Frutex (7) scandons, D puncticulatac Hook 
affims, tamen calyoe glabro puncticulato nec furfuraceo differt Folia 
ovata 7 X 3 cm Petiolus $ cm longus Calyx fructiferus 6 mm 
longus ” Ihe type is Koorders 28330 from Sangkamiang, Central 
Sumatra The amplified description given above was originally pre- 
pared on the assumption that an undescnbed species was represented 
by the recent collections 

UMBELL IF ERA E 

Oenanthe linearis Wall , List, no 586 1829, nomen nudum , DC , 
Prodr, 4 138 1830, C B Clarke, in Hook f,M Bnt Ind , 
2 696 1879 

Sumatra, Tapianoch, Si Makkoek, on the Toba trail north of the 
Asahan River, Bartlett 7473, April 23, 1927 British India 

Toftais anthriscus (Linn ) Gmel , FI Bad , 1 615 1805 
Tordyltum anthnsoLs Linn , Sp PI , 240 1753 

Sumatra, East Coast, Asahan, Yates 1565, Tapianoch, between 
Panapparan and Pagar Batoe, Habinsaran, Barth tt 79 1 4, May, 1927 
Widely distributed m Europe and Asia, recorded also from Java, but 
not known from the Malay Peninsula 

PR1MULACE4E 

Lysimachia japonica Thunb , M Jap , 83 1784, Knuth, in Pflan- 
aenreich, 22 (IV 237) 262 1905 

Sumatra, East Coast, between Panapparan and Pagar Batoe, 
Habinsaran, Tapianoeli, Bartlett 7896 , May 17, 1927 India to Japan, 
southward to Luson and Java, introduced in Australia No repre- 
sentative of the genus is as yet recorded from the Malay Peninsula 
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IjQGANIACEAE 

Faqraea acuminatissima Merr , m Journ Stmts Branch Roy As 
Soc,77 232 1017, Camel , in Bull Jard Bot Buitenaorg, III, 
5 330, Fig 9 1923 

Sumatra, East Coast, Bandar Poelau, Asahan, Yates 2587 
Borneo, Banka, the Riouw Archipelago, and the Malay Peninsula 

Faqraea TBYSMANjm Camel , in Bull Jard Bot Buifcenaorg, III, 

5 314, Fig 3 1923 

Sumatra, East Coast, Damoeli, Koealoe, Rahmat 1946) 1406, 
September, 1928 Previously known from Borneo and the Karamata 
Islands 

APOCYNACEAE 

Pottsia LAXiFLOHA (Blumo) 0 Ktae , Rev Gen PI , 416 1891 
VaUans laxiflora Blume, Bijdr , 1043 1826 
Potts ta cantomensts Hook & Am , Bot Beeehey's Voy , 199, P! 43 
1836, Rid! , FI Malay Penin , 2 352 1923 
Teymanma laxiflora Miq , in Vers! Med Kon Akad Wetensch , 

6 194 1857, Fi Ind Bat , 2 455 1856 
Parapottsia laxiflora Miq , FI Ind Bat , 2 1080 1866 

Sumatra, Tapianoeli, Yates 2691 , May 29, 1927 Southern and 
western China, to the Malay Peninsula and Java 

Rauwolfia perakensib King A Gamble, in Journ As Soc Bengal* 
74(2) 424 1907 (Mater FL Malay Penin , 4 634 1907), Ridl 1 
FI Malay Penin, 2 335 1923 

Sumatra, East Coast, Vale of Tangga, Asahan, Bartlett 7726, May, 
1927, SUo Maradja, Asahan, BartkU 6979, 7882, January, April, 
1927, near Aek Sordang, Loendoet Conoesrion, Koealoe, Bartlett 
7662a, 7871 , April and May, 1927, BSrastagi, Karo Plateau, Bartlett 
6826, January 30, 1927, DftlSng Koetoe, near Kampoag Goerringa, 
Karo Plateau, BartkU 8640, June 2$, 1927, between Maranti and 
Sawah Sa Batoe Roewan, Habinsaran, Bartlett 7868, May, 1927 
Malay Peninsula 

Rhynchodia rhynchosperma (Wall.) K Sebum , in Engler and 
Prantl, Nat Pflansenfam , 4 (2) 173, 1895 
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Echttes rkyncho&perma Wall , PI As Rar ,1 43, PL 49 1830 
Rkynehospermum WaUtchn A DC , Prodr ,8 431 1844 
Rhynchodta WaUtchn Benth ex Hook f,Fl Brit Ind,3 667 1882, 
Radi , FI Malay Penin ,2*361 1923 

Sumatra, East Coast, between Tanah Dat&r and Tandjoeng 
Tlram, Batoe Bara, Bartlett 7168, April 10, 1927, Batoe Bara, Yates 
HS6S, Goerach Batoe, Asahan, Yates 1666 India to Indo-Chma, 
Hainan, the Malay Peninsula, and the Philippines 

Tabemaemontana cylindrocarpa (King & Gamble), eomb nov 
Ervatamta oyhndrocarpa King & Gamble, in Journ As Soc Ben- 
gal, 74 {2) 452 1907 (Mater FI Malay Penin , 4 662 1907), 
Ridl , FI Malay Penin, 2 344 1923 

Sumatra, East Coast, Damoeli, Koe&loe, Rahmat 181 4 , 1840, 
1876 , September, 1928 Malay Peninsula 

There are no mature flowers on my specimens, only immature 
buds The material agrees closely wit h the detailed original descrip- 
tion except that the follicles, which are 7 cm long and 7 mm thick 
when dry, are stipitate and long-rostrate, the terminal beak being 
slender and about 3 cm long 

Vallarxs Mainoayi Hook f , FI Brit Ind , 3 651 1882, Ridl , FI 
Malay Penin , 2 351 1923 

Sumatra, East Coast, Kampong Loendoet, ICoealoe, BarUett 7184, 
March 31, 1927 Malay Peninsula 

There seems to be little reason for retaining these species, erect 
shrubs or trees with axillary flowers, in Vallaris, the type of the 
genus being a very different ecandent species, Vallam pergulana 
Bum f For these arborescent species the generic designation Para* 
vallaris Pierre is available, but it is not clear in my own mind that 
this group is genetically distinct from Kibataba G Don (Kiekxia 

Blums) 

H Y0ROPH YLLACEA E 

Wig and ia Kuntbii Choisy, in M6m, Soc Phys Hist Nat Genfcve, 
6*116 1833, DC, Pro dr, 10 184 1846, Brand, m Pflansen- 
reich, 59 (IV 251) 136 1913 

Sumatra, East Coast, BSrastagi, Yates 8088, Dfclfcng Singkoet, 
Karo Plateau, Bartlett 6688 , February, 1927 
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Widely distributed in Mexico and Central America, introduced 
into other tropical countries as an ornamental plant, and in plaees 
naturalised, as it is in Sumatra 

LABI AT AE 

Gompkosteacma mu rocalvx Pram, in Joum As Soc Bengal, 
59(2) 316 1891, and in Ann Bot Gard Calcutta, 3 251, 
PI 84 1890, King and Gamble, op cU , 74(2) 723 1907 
(Mater FI Malay Pernn , 4 933 1907), Rfdl , FI Malay 
Pemn , 2 652 1923 

Sumatra, East Coast, Bandar Poeloeh, Yates 1788, Aek na 
Gerger, between Djoema Tombak and Taratak, Tanah Djawa, Sime- 
Ioengoen, Bartlett 8241, June 7-8, 1927 Malay Peninsula 

The Sumatra specimens very closely approximate Pram's species, 
to judge from the illustration and descriptions cited The very 
slender corollas are shorter than in the Malay Peninsula form, attain- 
ing a length of only 2 cm 

Gomphostemma obuincium Wall , List, no 2154, 1830, nomen nudum, 
Benth, in Wall , PI As Rar , 2 12 1831, Pram, m Ann Bot 
Gard Calcutta, 3 261, PI 95 1891, Ridl , FI Malay Penin, 
2 653, Fig 131 1923 

Sumatra, East Coast, Bosar Si Pinggan, Asahan, Hamel 1167 , 
BSrastagi, Karo Plateau, Bartlett 6527, Yates 1578 , Soebakti, Karo- 
land, Hamel and Uahmat 670 , June 21, 1928 

Burma to Indo-China, the Malay Peninsula, and the Andaman 
Islands This may be the Bfcrastagi form referred by Ridley to 
Oomphoelcmma phhmotde* Benth 

Mosla manthera (Ham ) Maxim , m Bull Acad Sci St P6ter*b , 
20 466 1875, M<51 Biol, 9 431 1875 
Lycopu$*dtarUhera Ham , in Roxb FI Ind , 1 145 1320 

Sumatra, East Coast, Dolok Si Ria-ria, and lalang bench between 
Tangga and Pardoeaan, Habinsaran, Bartlett 74$ 1 , 7761, A pul and 
May, 1927 

The genus is new to the Malaysian region except for the occur- 
rence of one species in northern Luron In the absence of flowers 
I refer this to the Indian form originally described by Hamilton 
The seeds are, however, reticulate, but not at all flattened, the latter 
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being a character used by Dunn, Notea Bot Gard Edtnb , 6 164 
1915, for distinguishing Mosla dianthera Maxim from M lanceohta 
Maxim , but all my Japanese material of M punctata (Thunb ) 
Maxim has reticulate, not at all flattened, seeds It is possible that 
this Indian and Sumatran form cannot be distinguished from the 
Japanese-Chinese Mosla punctata (Thunb ) Maxim , in which case 
the latter name should be accepted 

GESNERIACEAE 

Trichosporum longiflobum (Blume) 0 Ktae , Rev Gen PI , 477 
1891 

Ijyswnotus longtflorus Blume, Bijdr , 766 1826 
Aeschynanthus longtfiorus DC , Prodr , 9 262 1845, C B Clarke, 
in DC , Monog Phan , 5 32 1883 

Sumatra, East Coast, DSKtag Pisopiso, Karo land, Hamel and 
Rdhmat 710 , June, 1928, slopes and summit of DSlfcng B&roee, 
Karoland, Bartlett 8608 , June, 1927, D616ng Si Naboen, ascent from 
Kampong Goeroe Kinajan, Karoland, Baitlett 8680, June, 1927, in 
the United States National Herbarium Malay Peninsula, Borneo, 
Java 

ACANTHACEAE 

HycreoPHiijA baxatilis Ridl , in Trans Linn Soc , Bot , 3 333 
1893 

Sumatra, East Coast, between Soenggapa and Pargambiran, 
Asahan, Bartlett 8166a , May, 1927 Ceylon, Malay Peninsula, 
Indo-Chma, Borneo, and the Philippines 

Ruhlua tubbrosa Linn , Sp PI , 635 1753 
Cryphiacanthus barbadenm Nees, m DC Prodr , 11 197 1847 

Sumatra, East Coast, Asahan, Tandjong Batu, Yates 1888 A 
native of tropical America, introduced and more or less naturalized 
here, as it is in parts of India, in Singapore, Borneo, and Java 

RUBIACEAE 

Borrbria liMms (Lam ) Griseb , FI Brit West Ind , 1 349 1861, 
Britton and P WUs , in Bot Porto Rico and Virgin Isl , Set 
Surv Porto Rico, 8 255 1925 
Spemacoce lams Lam., Tabl Encycl , 1 , 273 1791 
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Sumatra, East Coast, Kis&ran, Asahan, Hamel 1011, 1080, Silo 
Maradja, BartlsU 6458 

A widely distributed species m tropical America, introduced and 
naturalised in Sumatra, as it is m Singapore (sea beach at Changi, 
Clemen* 82518, November, 1929), Western Java (Backer and Van 
Slooten, Jav Theeonkr , Pi 205 1924), Philippines, Jolo, Bur Set 
44416 llamo s and Edafio (distributed as Hedyotxs sp ), New Guinea 
(nver bank, Manenberg, Sepik River, Herre 838 , May, 1929), New 
Britain (seashore, Kokopo, Herre 173, April, 1929), and Samoa (on 
beach, Apia, Chnstophersen 470 , November, 1929) 

This weed was introduced into Java some time ago, since it is 
now there widely distributed and locally abundant, according to 
Backer, Onkrutd Jav SuxkerreU , 674 It has apparently been dis- 
seminated recently to other parts of the Old World tropics, where 
it is now of distinctly wide geographic distribution It does not 
appear in Ridley's Flora of the Malay Peninsula 

Borbwru i-ATiyouA (Aubl ) K Schum , in Mart , F2 Bras , 6 (6) 
61 1888 

Spermacoce latofolta Aublet, PI Guianef Franc ,1 55, PI 19, Fig 1 
1775 

Sumatra, East Coast, Merabang Moeda, Koealoe, Rahmai 1891 , 
September, 1928 

A species widely distributed in tropical North and South America, 
introduced in Sumatra It also occurs in waste places in Singapore, 
Clemens 82611 , November, 1929, but it is not included in Ridley's 
Flora of the Malay Peninsula 

Richabdia brasiuensis Gomes, Mem Ip&c&c , 31, FI 2* 1801 
Richardsoma brasihensis Hayne, Beschr Arm Gew., 8, Pi 21 1822, 
K Schum, in Mart, FI Bras, 6(6) 84, Pi 87 1888, Backer 
and yan Sioot, Jav Theeonkr , 208, Fig 208 1924 
Sumatra, East Coast, Asahan, Yales 188$ Of recent introduction 
here, as it is in Java Widely distributed in the tropics of the New 
World 

CUCURBtTACEAB 

Melothria jav an ic a (Miq ) Cogn , in DC, Monog Phan , 3 625 
1881, Pflanwmreich, 66 (IV 2?5 I) * 129 1916* 

Karma javamca Miq , FI Ind Bat,, 1(1) .661* 1855. 
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Sumatra, East Coast, Tanah Djawa, Simeloengoen, Rahmat 14$7, 
September 23, 1028 Hainan, Java, Borneo, and Amboma 

CAMPANULACEAE 

Campanumoea lan ci poija (Roxb ) Merr , Enum Philip FI PI , 
3 587 1923 

Campanula lanctfoha Roxb , FI Ind , 2 96 1824 
Campanumoea axtUans Oliv , m Hook , Ie , 18 PI 1775 1888 

Sumatra, East Coast, Soebakti, Karoland, Hamel and Rahmal 
763, June 21, 1928 Central China to Burma and northern Luzon 

Lobelia succulenta Blume, Bijdr , 728 1826 
Lobelia affims Wall, List, no 1311 1829, nomen nudum, G Don, 
Gen Syst, 3 709 1834, A DC, Prodr, 7 360 1839, C B 
Clarke, In Hook f, FI Brit Ind , 3 424 1881, Koord , Ex- 
kumonsfi Java, 3 302 1912, Ridl , FI Malay Penrn , 2 200, 
Fig 89 1923 

Ijdbelta Bubcuneota Miq , FI Ind Bat , 2 574 1856 

Sumatra, East Coast, Vale of Tangga, Asahan, Bartlett 7733, 
May 12-21, 1927 India to southern China and Malaysia 

Blume’s species, type from Buitenzorg, Java, has been overlooked 
In recent literature on the flora of Java A duplicate of the original 
collection in the herbarium of the New York Botanical Garden, 
named in Blume's handwriting, la identical with the species currently 
referred to Lobelia affims Wall The oldest name Is here accepted 
It is possible that the Philippine Pratia ovata Elm , Leafl Philip 
Bot , 2 593 1909, should be reduced to Blume's species, mature 
fruits not seen 

COMPOSITAE 

Eleuth ebanth era ruderalis (Sw ) Sohulz-Bip , in Bot Zeit , 24 
239 1866, Britton and Wilson, Bot Porto Rico and Virgin Is! , 
Sd Surv Porto Rico, 6 308, 1925 
MeUmpodum rvderak Sw , FI Ind Oeo , 1372 1806 

Sumatra, East Coast, Kisar&n, Asahan, Hamel 1010 , August 23, 
1928, Rahmat 1036, August 24, 1928 

An introduced weed of tropical American ongm, probably first 
naturalised in Malaysia m Hit vicinity of Buitenzorg, Java, but now 
not uncommon in waste places in Singapore, Clemens $3670, No vein- 
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ber, 1029, although not included m Ridley’s Flora of the Malay 
Peninsula 

In explanation of the accepted name it may be noted that Schulz- 
Bip gives the reference to Botamsche Zeitung , 24 164, 165 1866, 
but though the species is there critically discussed, he does not 
actually form the binomial Eleutheranthera ruder alts, this appears 
in his reconsideration of the species on page 239 On the basis of 
his examination of the specimen in the Linnaean herbarium Schulz- 
Bip reduced Swartz’s species to Eleurantkera prostrata (Linn ) Schulz- 
Bip “ Eleuranthera ( Eclipta Lin I) prostrate Sz Bip I in Linn 
herbano ” Howe\ er, the specimen in the Linnaean herbarium 
representing Eclipta prostrate Linn ( Verbestna prostrate Linn) is 
not the type, was not in the herbarium until some time after 1767, 
and the specimen is named in Solander's handwriting The Linnaean 
species was based solely on a reference to Eupalortopkalacron Dill , 
ffort EUh , 138, Pi 113, Fig 137 1732, and Chrysanthemum mo- 
deraspatenum Pluk , Aim , 139, PI 118, Fig 5 1696, both of these 
represent Eclipta alba (Linn ) Hassk Swartz’s specific name is the 
correct one for the species, there are numerous synonyms 

Nbw York Botanical Gardkn 

Bronx Park, N*w York 



THE FUNGI OF ISLE ROYALE, 

LAKE SUPERIOR* 

ALFRED HUBERT WIILIAM POVAH 

TT'OR many years, in the popular mind, Isle Royale has been 
JT shrouded in mystery by newspaper tales of prehistoric races, 
copper mines, and wild animals Accurate data were represented 
by scattered publications of scientists as a result of their occasional 
visits to the island The invasion of the moose added popular appeal 
to it and stimulated the idea of creating it a national park In order 
to have adequate and reliable information the Legislature of the 
State of Michigan made an appropriation for a scientific survey to 
be conducted under the auspices of the University of Michigan 
This report embodies the results of the mycological work of the Isle 
Royale Survey of 1930 

There has never been published, so far as I have been able to 
determine, a list of fungi for Isle Royale Information regarding 
its fungi consists merely of scattered published records and collec- 
tions in various herbaria The task of attempting to make a com- 
plete hat is a most difficult one, and no one is more aware than I of 
the possibility and probability of omissions The first record which 
I have found of a fungus collected on the island, is a collection 
of Mektnconts margtnah * (Pk ) Wehm (Ihaporthe ntvosa Ell and 
Holw ), gathered by W D Holway in July, 1889, and named by 
Ellis and Everhart (10) In August, 1891, F W Dewart collected 
at Washington Harbor and the specimens are in the Farlow Her- 
barium, but Dr W H Weston, Jr , informs me that “unfortunately 
there is no list and it would be a long job to make a complete list 
from the specimens.” C E Allen and S C Stunts collected fungi 
on the island in 1901, but the only published records that I have 
located are Phyttachora WtUrockti (Enkks ) Sacc , published by 
Davie (7), and Mertdtu* ntveU9 Fr (3), Corttctum laetum (Karst) 

* This paper is part of a biological study of Ids Royale authorised by the 
Fifty-fifth Legislature of the State of Michigan 
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Bres , HymenochacU corrugate. (Fr ) L£v , H tabacma (Sowerb ) L4v , 
and Stereum famatum Scbw , published by Burt (4) 

That E T Harper and S A Harper collected on Isle Royale 
ts shown by a specimen of Corttcium hvido-caeruleutn Karst from the 
Von Hdhnel Herbarium, now m the Farlow Herbarium Further* 
more, Rohm (23) described Phcana rubrofueca from Isle Royale 
material collected by Harper C H Kauffman paid a brief visit to 
Washington Harbor, Isle Royale, in 1906 and recorded the following 
species Polyporus fnsptdellus Pk (14), Amanita tomentdla Kromb , 
CanthareUus cibanus Fr , CUtocybe infundibuhfonnti Fr , C ochro - 
purpurea, Berk , CoUybta maculata A 4 S , Cortinarxus armtUctfu* 
Fr, C Banguineui Fr, C vtolaccus Fr, Hygrophorue Pecktt Atk, 
Lacianue cmereus Pk , L dehetoxu* Fr , L deceptivus Pk., L tor* 
minosus Fr , L irtvxaha Fr , Omphaha campanula Fr , PaxiUue in- 
volutes Fr, and Tncholoma rutilana Fr (16) With the exception 
of nine, as given in the annotated list, these species were again col- 
lected by the members of the 1930 Survey 

Between June 28 and September 22, 1930, approximately twelve 
hundred collections of fungi were made, the majority by me, the 
rest by J L Lowe, with the exception of a few specimens which 
were brought in by the phanerogamic botanists, Messrs C A Brown 
and J B McFarUn Botany headquarters were established at Rock 
Harbor Lodge in a four-room cottage, which afforded a laboratory, 
drying room, and sleeping quarters The territory within a radius 
of about three or four miles was thus available for intensive collect- 
ing Working from this camp, we obtained specimens at the follow- 
ing localities Rock Harbor, Tobin Harbor, Scoviiie Point, Passage 
Island, Bat Island, Smithwick Island, Raspberry Island, Mott Island, 
Monument Rock Trail, Hidden Lake, Moose Lake, Mount Franklin 
(Sec 21, T 66 N , R 34 W ), Blake Point, Duncan Bay, and the 
vicinity of the old lighthouse 

Eleven days were spent in camp on Birch Island, McCargoe 
Cove, and during this time collections were made on the shores of 
McCargoe Cove, Brady Cove (Sargent Lake Trail), Chieksnbone 
Lake and its outlet into McCargoe Cove, Sargent Lake, Lake Eva, 
Pickerel Cove, an island near McCargoe Cove (See 16, T 66 N , 
R 33 W ), and Mount Ojibway (Sec 21, T 66 N,R 34W) 

The second camp site (and third station) was at the head of 
Book Harbor, where live days ware employed in collecting in the 
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following localities Wallace Lake, at the head of Rock Harbor, 
Forbes Lake, Benson Lake, Angleworm Lake, and Lake Ritchie 
Nme days were spent m working from a camp located at the 
junction of the outlet of Siskowit Lake and Siskowit Bay During 
this period collections were made on Ryan Island in Siskowit Lake, 
on Wnght Island in Siskowit Bay, on the shores of Siskowit Lake 
and Siskowit Bay, and to the north of Hay Bay 

A few specimens were collected on Amygdaloid Island, the shores 
of Todd Harbor, and Todd Cove Through the kindness of Messrs 
C A Brown and J B McFarlin a few were obtained from the ex- 
treme southwestern end of the island, i e from Washington Harbor, 
Lake Desor, and Lake Feldtmann That part of Isle Roy&le lymg 
west of about 88° 55' west longitude was not explored for fungi be- 
cause of lack of time 

Approximately eleven hundred collections have been studied and 
named, with the result that they have been referred to 230 genera, 
515 species, 14 varieties, and 5 forms If we add to these the 10 
species reported by previous collectors, but not found by the 1930 
Survey, we have a total of 230 genera, 525 species, 14 varieties, and 
5 forms of fungi known to occur on Isle Royale It is my belief 
that this figure does not adequately represent the total number of 
different fungi on the island One season is altogether too short to 
exhaust the possibilities of so rich a mycoiogical flora, as this first 
list of Isle Royale fungi would indicate Approximately one hundred 
collections require further study before they can be named 

It is of considerable interest to note that two new genera of fungi 
were collected One has been named Alpova by C W Dodge (8), 
the other Scleroetilbum by the writer (22) The five following new 
species were obtained’ Alpova cinnamomeu* C W Dodge, Ento- 
mophthom buUata Thaxt , sp nov med , Sculelhnia mtchtganeims 
Pov&h, 8cUroaiilbum Beptentnoncde Povah, and Septona Calypsonis 
Povah (22), Apparently, 185 species in the following list have not 
hitherto been recognised as occurring in the state of Michigan 
A striking feature of the fungi of Isle Royale u the number of 
western species that one encounters Examples of such are Bad- 
hamta mien* Berk., reported from Colorado and Oregon, Godroma 
Urceolu* (A kB ex Fr ) Karst, reported only from Alaska, Tkek- 
phora *dmk* Burt, from Washington; Polyporua oJbolvieus E A E,, 
common in the Rocky Mountains, Polyporus huim Qu61 , reported 
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by Kauffman from Colorado (16), Oregon (17), and also from Isle 
Royale (as P kispxdellus Pk ) (14), Uromyces Jacksonn Arth and 
Fromme, reported only from the Pacific Coast, Uromyces amoenus 
Syd , reported only from Idaho, Oregon, Washington, and British 
Columbia Other species having a northern and western distribution 
are Tuber separans Gilkey (California and Manitoba), Sphaeronae- 
mella Helvetian Karst (Manitoba, Alberta, New Hampshire, and 
Colorado), Apostemzdium Guemtsacz (Crouan) Boud (New England 
and Washington), and Puectnia Eptlobtt DC (Wyoming, Quebec, 
and Greenland) Onygena comna A & S has never been reported 
from the United States, Stictis Carestiae (De Not ) Rehm, MeltUo- 
sponum propohdotdes Rehm, Gibberuka almcola Rehm, and Nectna 
peztcula Speg have apparently not hitherto been recorded for North 
America 

The most evident fungi on Isle Royale are the mushrooms, which 
occur in great profusion How unfortunate that Kauffman’s only 
visit to the island was during dry weather! Their collection, however, 
requires so much time because of field notes that it was not possible 
to collect all the different species observed Thus the seventy-eight 
kinds in the list do not adequately represent the number of agarics 
which grow on the island 

In spite of careful searching and wide collecting only a single 
species of smut, Ctniractta cartas (Pers ) M&gn , was obtained 
Rusts, however, were abundant and fifty species were collected, 
seventeen of which are new to the state The list of Gasteromycetes, 
which is rather larger than is usual in the north country, contains 
seven genera, fifteen species, and one variety 

Many wood-inhabiting species were collected, including ten of 
Fomes, twenty-eight of Polyporus, six of Polystictus, eleven of Pom, 
and seven of Trametes Fomes ptmcola was exceedingly common, 
both on conifers and on hardwoods Heart rot of balsam fir was 
abundant, and the trees, weakened by such infection, are often 
broken by the wind Since, however, no fruiting bodies of the 
fungus were present, it was not possible to determine with certainty 
the cause of the heart rot Moreover, the conifers, especially the 
balsam firs, were severely injured by leaf oast diseases This ma- 
terial was referred to Dr G D Darker, who identified the causal 
organisms as follows on balsam, Lophodermtum autumnale Darker 
(6), HypodemeUa tntrabtlis Darker, and BtfueeUa Fautin Darker, 
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on pine, L pinasin (Schrad ) Chev and L nttens Darker , and on 
spruce, L Ptceae (Fkl ) v H With the exception of L pinadri 
all these collections are the first in the state Furthermore, the 
collections of L autumnale , L miens, Hypodermella and 

Btfusella Faullii become historical since, in each case, they enter into 
the species concept 

Frequently the quaking aspens were found to be infected with 
canker-producing fungi Three types were noted In the vicinity 
of Bock Harbor many trees were seen with cankers bearing fruiting 
bodies of Valsa mvea (Hoffm ) Fr sensu Ellis At the head of McCar- 
goe Cove and at Bock Harbor Hypoxylum pruinatum (Klotzsch) Cke 
was found producing cankers on Populus tremuloides The most 
serious disease, however, appears to be a canker caused by Nectrta 
gaUtgena Bres At the head of McCargoe Cove, m an area of ap- 
proximately one-half acre, every quaking aspen was infected and 
about one third of them were killed by this fungus In Plate XXI 
is shown a typical canker from this area In a few instance? this 
disease was also noted on white birch The mountain ash was fre- 
quently found to be infected with Gymnosporangxum Junxperx Lk 
In fact, owing to the brilliant color of the infected leaves, the rust 
cannot be overlooked 

I wish to acknowledge my indebtedness to the late Professor 
Roland Thaxter for extending to me the courtesies of the Farlow 
Herbarium and Library, where most of the work was done More- 
over, for aid m determining this collection of fungi I am indebted to 
so many that it would take too much space to list all those who have 
so generously contributed their help The rusts, smuts, Perispo- 
nales, and some leaf parasites were identified by Dr E B Mains, 
the Ponae, by Dr Dow V Baxter, the Sphaemceae, except as 
indicated in the list, by Dr L E Wehmeyer, the Hystenaceae, by 
Dr M L* Lehman, and the Hypodermataoeae, by Dr O D Darker 
Except as otherwise noted in the hat determinations are by the writer 
The specimens have been deposited in the University of Michigan 
Herbarium I also desire to thank Dr E B Mains and Mr C A 
Brown for photographs Finally, I record my gratitude to Professor 
William H Weston, Jr , for malting it possible for me to spend a winter 
in the Laboratory of Cryptogamic Botany at Harvard University 

A summary ol the list precedes the annotated list of the known 
fungi of Isle Royale, Lake Superior, and the adjacent islands 
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or tbs ruNQi or isle hoyaub and adjacent islands 
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Myxobacteriaceae 
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Myxomyoetee 
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Phycomyoetea 
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12 
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Aacomycetee 

91 

156 

3 

2 

Baeidiomyoete* 

88 

293 

9 

0 

Fungi Imperfect! 

20 

33 

0 

0 

Total 

231 

525 

14 
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In the following list the asterisk denotes that the fungus has not 

hitherto been reported as occurring m the state of Michigan 

Myxobacteriaceae 

♦Chondbomyces aukantiacus (B Sc C ) Thaxt — A single collec- 
tion on moose dung, on the shore of Chickenbone Lake Cysts 
56-60 X 35-50 m 

MYXOMYCBTRS 

Arcyria dbnudata (L ) Wettst — On rotten sticks and on log of 
Betula alba L var papynfera (Marsh) Sp&ch , Moose Lake, 
McCargoe Cove, Chickenbone Lake 
Arcyria incarnata Pers — ■ On rotten wood of Abus and Thuja 
occtdenialts L , Rock Harbor, Tobb Harbor, McCargoe Cove, 
and Siskowit Bay 

Arcyria nutans (Bull ) Grev — On rotten logs and decaying 
white birch, McCargoe Cove, Sargent Lake, and Siskowit Bay 
Badhamia lilacina (Fr ) Rost — A single collection on grass at 
Forbes Lake 

♦Badhamia nitbns Berk — On birch and conifer logs, Tobb Harbor 
and Smithwiek Island This species is reported from Colorado 
and Oregon 

Ceratiomyxa rRUTictrLOflA (MUll ) Macbr — On oonifer log, Tobin 
Harbor 

♦Cribrabia macbocarpa Schrad — On conifer, Tobin Harbor 
Diderma rffusum (Schw ) Morg var beticulatum Rost — On 
leaves in swamp. Passage Island 

♦Diderma globosum Pers, — On leaves and grass, Passage Island 
Maobride (18) points out that in the past this specie* has been 
much confused with Z). crutiaceum Pk , from which it can be 
distinguished by its smaller spores. 
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Diderma spumariOides Fr — On Lycopodium sp and on DicraneUa 
op , Passage Island 

Didtmium melanospermum (Pers ) Macbr — On rotten wood and 
on bark of Abies balsamea (L ) Mill , McCargoe Cove 
Didymicm squamulosum (A <fc S ) Fr — On dead leaves, sticks, 
and grass, Tobin Harbor, at the outlet of Chickenbone Lake, 
and McCargoe Cove 

Fuligo cinerra (Schw ) Morg — On stick and on Picca op , 
McCargoe Cove and Lake Ritchie 
Fuugo septica (L ) Gmel Form a F ovata (Sohaeff ) Pers — On 
Sphagnum op , log of Populuo tremulotdcs Michx , and moss- 
covered log, Lake Eva and Tobin Harbor, Form c F laetns 
Pers — On poplar stump, at the head of Tobin Harbor, Form 
e F nolacea Pers — On birch log, Tobin Harbor Four other col- 
lections are not referable to any special named form They were 
collected at Tobin Harbor, McCargoe Cove, and on Bat Island 
Fruoo septica (L ) Gmel var Candida R E Fries — A single 
collection, on a dead leaf found on the Sargent Lake Trail from 
McCargoe Cove, seems to be referable to this variety as given 
in lister rather than to any form given by Macbnde (l c ) 
♦Hhmitrichia ovata (Pers ) Macbr — On dead Thuja occideniaho 
L , Siskowit Lake Rare Det by G W Martin 
Hkmitrichia vrsparixjm (Batsch) Macbr — On white birch stub, 
Siskowit Lake 

♦Lamprodbrma viodaceum (Fr ) Rost — On moss and liverworts 
and on arbor vitae log, Passage Island and Siskowit Lake 
Lbocarpus pragilis Rost — On white birch twigs and on rotten 
alder, Moose Lake, Rock Harbor, and McCargoe Cove 
Lycogala epidbndrum Fr — On rotten wood and dead alder, 
Benson Lake and Rock Harbor 

Muciiago spongiosa (Leyss ) Morg — One collection on alder 
twigs, common on stems and leaves at Sargent Lake 
♦Physartjm cinerrtjm Pers — On leaves and stems of Coptxo tn- 
folta (L.) Salisb end Ltnnaca borealto L , McCargoe Cove, and 
on moss on Passage Island 

Physaruic contrxtum Pers — On moss-covered log, Passage 
Island 

*Phtsarum RTOiGWOftOM Fr — Four collections on moss, leaves, 
and twigs at Rock Harbor 
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♦Physarum sinuosum (Bull ) Wemm — On Sphagnum rp , Passage 
Island, and on base of treo near the outlet of Chickenbone Lake 
♦Physarum vmKSCPNs Ditmar — On moss and balsam fir needles, 
Rook Harbor, and on moss near Lake Eva 
Stemonitis axikjkka (Bull ) Macbr — Common, on birch, spruce, 
and pine logs, Rock Harbor, Tobin Harbor, Moose Lake, 
McCargoe Cove, and Chickenbone Lake 
Si kmonitib fusca (Roth ) Rost — On birch, mountain ash(?), and 
balsam fir logs, Passage Island, Rock Harbor, and Tobin Harbor 
♦Trichia florifqbmis (Schw ) G Lister {T laterttia Lev ) — On the 
under side of coniferous log, north of Hay Bay 
Trichia varia (Pers ) Rost — On sticks and soil beside brook 
forming the outlet of Chickenbone Lake 
Tubifera fbrkuginosa (Batsch) Gmel — Common on moss and 
coniferous logs, Tobin Harbor, Passage Island, and McCargoe 
Cove 

PHYCOMYCETES 

Absidia glauca Hagem — Isolated from soil, Siskowit Bay 
Endogone PisiFOiiHis Lk ( E ephagnophila Atkins) — A single 
specimen, on tips of Sphagnum, was collected at Rock Harbor 
*Entomophtbora bullata Thaxt, sp nov ined — On “bluebottle” 
flies on tips of grass, Rock Harbor Coll by C A Brown In 
1931 Dr Thaxter determined this collection, saying that the 
species was common on “ bluebottle ” and other flies Subsequent 
to Dr Thaxter's death the writer wrote to Dr Weston to learn 
whether any manuscript description was left by Thaxter Dr 
Weston replied “We searched through Dr Thaxter's notes and 
found no manuscript description of Entomophthora bullata, but 
m his collection of slides he has labeled this Entomophthora 
buUata f n sp , and similarly labeled a small bottle of material 
You will be quite justified, then, in using Dr Thaxter’s name as 
n sp ined ” In view of these facts it seems wise to record that 
Thaxter told the writer that the comdia of E butlaia are indis- 
tinguishable from those of E amencana Thaxt The present 
collection shows only hyphal bodies and the very characteris- 
tic subgloboee, bullate sygospores, which measure 33-50 p in 
diameter 

Entomophthora oulicis A. Br — On tiny insects on dock piling, 
Rock Harbor 
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♦Entomofhthora Grylli Fres — On Melanopus femur-rubrum, 
Rock Harbor, Sargent Lake, and Passage Island 

Entomofhthora rhizobpora Thaxt — Both conidial and sygo- 
sporic stages were found on insects m a swamp at Rock Harbor 

Peronobpora parasitica (Pers ) DeBy — On Arabts Drummondn 
Gray at Rock Harbor 

Phyboderma Menyanthis DeBy — On Menyanths tnfohata L, 
Rock Harbor 

PiLOBOtiUS crysta lunds (Wiggers) Tode — On moose dung, Sar- 
gent Lake and McCargoe Cove 

Saprolbonia sp — On dead fiah, at the head of Rock Harbor 
Dr B B Kanouse writes “The material does not warrant 
specific determination ” 

♦Spinellus FU8IGER (Lk ) Van Tiegh — On old agaric, Tobin Har- 
bor, on Mycena sp , Smithuick Island 

Spobodinia grandis Lk — Common on agarics such as Omphaha 
ap and Lactanua vellereua Fr , and on Clavaria pistillaris (L ) 
Fr Tobin Harbor, Siskowit Bay, McCargoe Cove, and Lake 
Eva Ihese three hosts are not given by Seymour (26) Engler 
and Prantl (11), however, mention Clavanaceae and Agancaceae 

ASCOMYCRTBS 

GYMNASCALES 

♦Gymnabcub Reesii Baranet (?) — On leaves under moose fur, Hid- 
den Lake (Tobm Harbor) Aset 6 8-7 X 5-5 6 spores len- 
ticular, 3 4-3 7 X 1 5-2 p 

PERISPORI ALES 

ErysiPh® Cichobacearum DC — * On Scutellaria lahfoha L , at the 
west end of Siskowit Lake 

Erysiphb Polygoni DC — On Ccdtha pdustns L , Passage Island, 
on Chelone glabra h and Ranunculus a ms L , McCargoe Cove, 
and on Trtfohum pratense L , Rock Harbor 

Microsphaeba Alni (DC ) Wint — On Alnus sp , at the outlet of 
Siskowit Lake 

Phyllactinia corylea (Pers) Karst —On Comus stolomfera 
Michx,, m old burned area, Siskowit Bay, and on leaves of white 
birch seedling, at the outlet of Siskowit Lake 
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Uncinula circinata Ck© <fe Pk — On Acer eptcatum Lam , at the 
outlet of Siskowit Lake 

Uncinula SAUCift (DC) Wmt — On leaves of Populue baUamifera 
L , Sargent Lake 


SPHAERIALES 

Sphaeriacbae 

♦Cryptosphabria populina (Pers ) Saco — On bark of dead poplar, 
Rock Harbor 

♦Diatrype bullata (Hoffm ) Fr — On alder, Rook Harbor, and at 
the west end of Siskowxt Lake 

Diatry pella niscoioEA Cke Sc Pk var alni Pk — On alder, 
Rock Harbor and Passage Island 

♦Eutypella alnifraga (Wahl ) Fr — On dead aider, at the head 
of Tobin Harbor and Rock Harbor 

♦Eutypklla rugulosa (Nit ) Saco — On dead white birch, Rock 
Harbor 

Valsa boreella Karst — On Populuq tremukndes, at the head of 
Tobin Harbor 

♦Valsa Kunzei Fr — On recently killed Abies balsamea, north of 
Hay Bay 

Valsa nivea (Hoff) Fr sensu Ellis — On cankers of Poputu* 
tremufoutee, Rock Harbor and Mott Island 

*Gnomoniblla Coryli (Batsch) Sacc var spiralis Pk — On 
Corylue roslrala, Ait , La Sage Lake Coll by C A Brown 
Plate XXII, Figures 2-3 

♦Cryptospora alkicola v H —On alder m old burned area, 
Siskowit Bay 

Daldinia concentrica (Bolt ) Ces. A De Not — On alder and 
white birch, Tobin Harbor, Todd Harbor, Forbes Lake, and 
Siskowit Lake 

Hypoxylom ruscuM (Pers ) Fr — Common on alder, Rock Harbor, 
Sooville Point, and Lake Ritchie 

Hypoxylom Morsei B A C — On dead alder, Smithwick 
Island 

Hypoxyluk MTOnPORME Fr — Common on birch and alder, Rock 
Harbor, Smithwick Island, Tobin Harbor, Raspberry Island, 
and at the outlet of Siskowit Lake. 
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Hypoxymjm pruinatum (Klotzseh) Cke — On Populus tremuloides, 
at the head of MeCargoe Cove and at Rock Harbor 

*Hypoxylum hetictt latum Karst , var ? — On Fomea ptntcola 
(Schw ) Cke , at Moose Lake, near Tobin Harbor 

•Htpoxylvm rubiginosum (Pers ) Fr — On bark of dead willow, 
Sargent Lake Det by J H Miller 

•Didymellina Iridis (Desm ) v H — Causing leaf spots on Ins 
versicolor L , Rock Harbor 

*M ycosphaerella Chimaphilak E & E — Parasitic on Pyrola 
eecunda L , Tobin Harbor 

cosphaebella Lycopodii (Pk ) Hse — On sporophylls of Lyco- 
podium annottnum L , MeCargoe Cove, on leaves of L anno* 
tmum , Tobin Harbor 

Venturi a Cassandra e Pk — On leaves of Chamaedaphne calycu- 
lata, Rock Harbor 

•Venturi a Dic.kei (Berk & Br ) Ces A De Not (?) — On Lmnaea 
borealts, Tobin Harbor Determination not certain, since no 
spores were found 

Apiosporina collinsii (Schw ) v H — Producing witches'-brooms 
on Atnelanchter sp , MeCargoe Cove 

•Melanconib margin alis (Pk ) Wehm — On Alnus enspa (Ait ) 
Pursh , Angleworm Lake and Rock Harbor, also by W D Hol- 
way 

Melanconis stilbostoma (Fr) Tul — Only the comdial stage 
(Melancontum sphamndeum Lk ) was found , Rock Harbor 

•Melanconis thblebola (Fr ) Sacc — On dead alder, at the head 
of Tobin Harbor 

•Diaporthe impulsa (Cke & Pk ) Sacc — On mountain ash, at the 
outlet of Chickenbone Lake 

Duporthb nivosa Ell & Holw — Collected only by Holway (10) 

Amphispkarria Thujina (Pk ) Sacc — On decorticated arbor vi- 
tae, Rock Harbor 

•Gibberidba alnicola Rehm — On old hardwood stick, probably 
alder, Rook Harbor Co U by J L, Lowe Wehmeyer writes 
"Rehm [24] gives the spores as 12-15 X 4 5-5 ft, subelavate, 
and straight The spores of this collection are 12 5-15(18) X 
4-5,5 m and many are slightly curved Moreover, the perithecial 
clusters are larger than those given in Rehm's description This 
oollecUon may be a Variety of Rehm'a species and may equally 
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well be placed in the genua Rosenscheldia of the Dothidiales, 
but in the absence of Rehm’s material no definite conclusion 
can be reached ” 

^GiBbeeidea turposa Syd — On dead stems of Chamaedaphne 
calyculala (L ) Moench, Rock Harbor, on dead stems of IMum 
groenlandtcum , Rock Harbor 

Lfptosphaeria Crepwi (Westd ) De Not — On strobili of Lyco- 
podium annotmum , Passage Island, on strobili of L obscurum 
var dendroideum (Michx ) D C Eaton, Wallace Lake 

Leptosphabria uycopqdicola (Pk ) Sacc — On strobili of Lyco- 
podium annotmum , McCargoe Cove 

*Mblanomma Aspegrenh (Fr ) Fkl — On rotten white birch log, 
Rock Harbor 

*Thyridium lividum (Pers ) Sacc — On coniferous (white pme ?) 
log over brook, McCargoe Cove Det by M L Lohman 

Hypocreaceae 

Claviceps purpurea (Fr ) Tul — On Calamagrostts sp and Agopy - 
ron tenerum Vasey, Rock Harbor, on Glycerxa borealis (Nash) 
Batcheider, McCargoe Cove, and on Calamagrodi* canadensis 
(Michx ) Beauv , between Forbes Lake and Benson Lake 

Cordyceps cuavulata (Schw ) E & E — On Lecamum sp (scale 
insect), infesting Fraxmus mgra Marsh, beside stream forming 
the outlet of Chickenbone Lake 

Cordyceps militaris (L ) Lk — On remains of chrysalis in low, 
wet woods, Sargent Lake 

Cordyceps ophioglossoides (Ehr ) Lk — Parasitic upon Elapho - 
myces granulalus Fr , Angleworm Lake 

♦Creonectria purpurea (L ) Seaver — On alder m swamp, Rock 
Harbor 

*ELBUTHBaoM\CEs subulatus (Tode ex Fr ) Fkl — On old aganc, 
Siskowit Lake 

Hypomyces aurantiacus (Pers ex Fr ) Tul — On old Polyporus 
elegans Bull ex Fr , McCargoe Cove 

Hypowyceb crtbysospermus (Bull) Tul —Only the Imperfect 
stage (Sepedontum chrysospermtm Fr ) was found growing upon 
Alpova cmnamomeus Dodge along a brook forming the outlet 
of Siskowit Lake The Tulasnes (27) record it for Boletus, 
Scleroderma, Melanogaster, and Oct&viana 
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Hypomyces latehitixjs (Fr) Tui (?) -“Parasitic upon the gills 
of Lactarius deliaoaus Fr The material is too immature for 
certain specific determination 

Nectbia episphakria (Tode) Fr — On Hypoxylum sp , Rock 
Harbor 

*Nkcthia qalligena Brea — Causing a serious large black canker 
on Belula alba var papyrtfera (Marsh ) Spach , near Benson 
Lake An epidemic of this same disease on Populua tremulotdea 
was observed at the head of McCargoe Cove Here every tree 
was infected and a mortality of approximately thirty per cent 
was noted The typical canker has a black-nbbed surface, which 
is bordered by the wide-flaring bark, as sho*n in Plate XXI 
*Nectkia fkzicola Speg — On old decaying moose antler on sedge 
mat at Moose Lake near Tobin Harbor Coll by J L Lowe 
•Scoucconectria scolecospoua (Bref ) Soav — On Abtea balaamea t 
Smith w ick Island 

DOTHIDIALES 

POTHIMACEAB 

Phyllachoua Thifoui (Pers ex Fr ) Fkl — On Tnfohum pratense 
L , Rock Harbor Only the imperfect stage ( Polythryncium 
Tnfoln Kze ) was found Det by E B Mains 

Phyu*achoka WirrRooKU (Enokss ) Sacc — On stems of Lmnaca 
borealis , Moose Lake, near Tobin Harbor Davis (7) reports 
this fungus for Wisconsin and Isle Royale, the latter collection 
having been made in 1901 by Allen and Stunt z 

PnowRiGttTiA morbosa (Schw ) Sacc — On Prunus sp , Rock Har- 
bor, on Prunus penmylmnica t in old burned area, Siskowit Lake 

PHACIDIALES 

Hysteriaceae 

*Hystbbium PxrucARE Pers ox Fr — On poplar bark on open ridge, 
Rock Harbor 

Hystebocuuphium mori (Schw) Rehm f cinebascehs (Schw) 
Lohman — On decorticated poplar, Rock Harbor 
♦Hystebographium mori (Schw ) Rehm f okbakdi (Cke <fc Pk ) 
Lohman — On decorticated Populua tremulotdea. Rock Harbor 
tHtWABtm (Cke 4 Pk ) Lohman (Hyaienum thujamm 
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Cke & Pk ) — On arbor vitae, near old lighthouse, Bock Har- 
bor, and at the outlet of Siskowit Lake 

Phaudiaceae 

•Bifusella Faullii Darker — On Abies balsamea, Raspberry 
Island Det byG D Darker 

•Hypodekmella mikabius Darker — On leaves of balsamea, 
Rock Harbor Det by G D Darker 
•Lophodermium autumnale Darker — On living leaves of Abtes 
balsamea, Raspberry Island Det by G D Darker 
•Lophodermium macular® (Fr) De Not — On Vaccimum uityi- 
nosum L , Scoville Point Det by E B Mams 
•Lofhodermium Piceab (Fkl ) v H — Causing leaf cast of Ptcea 
canadensis (Mill ) BSP , Rock Harbor Det by G D Darker 
•Lophodermium nitkns Darker — On Ptnus Strobus L, Rock 
Harbor Det by G D Darker 

Lophodsrmium pinastri (Schrad) Chev — On Pinus Strobus , 
Lake Harvey, and on P Banksuxna Lamb , Rock Harbor Det 
byG D Darker 

Lopbodbrmium sPHAKRioiDEs (A AS ex Fr ) Duby — On over- 
wintered leaves of Ledum groenlandicum Oeder , Rock Harbor 
Det by E B Mains 

•Lophodehmium tumid um (Fr ) Rehm — On overwintered leaves of 
Sorbus amertcana Marsh , Smithwlok Island Det byE B Mains 
•Coccomtces HiEMALis Higgins (?) —On Prunus pennsylvantca , 
McCargoe Cove 

Rhytisma Andromeda® (Pers ) Fr — On leaves of Andromeda 
glaucophyUa Lk , Monument Rock Trail from Tobin Harbor 
♦Rhytisma punctatum (Pers) Fr —On Acer spiccUum f Wright 
Island, m Siskowit Bay 

Rhytisma saucinum (Pers ) Fr — On Saltx sp, at the head of 
Rock Harbor, and in an old burned area at Siskowit Bay Pet, 
byE B Mains 

Stictidiacea® 

♦Mblittosporium fropomdoides Rehm — On branch of Thuja occi - 
dentahs, Tobin Harbor Coll by J L Lowe* This spades is 
reported from Europe on Ptnus cembra Det, by M L Lohman 
*Stict» Carestia® (De Not) Rehm. — On bark of Thuja sees* 
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denlalu , Rook Harbor Apparently this species has never been 
reported from this country or on this host, but a comparison 
with an authentic specimen (Rabenh Fung Eur No 775) leaves 
no doubt as to its identity Superficially the fungus resembles 
S radiata (L ) Pers , but the smaller spores and the coniferous 
substratum deny this probability 

Sncns radiata (L ) Pers — On Acer spicaium Lam , Siskowit Lake 

FEZIZALE8 

Dermatbaceab 

Cknanoium Abietis (Pers ) Rehm —On Abies balsamea , Rock 
Harbor, largely the imperfect stage 

Cenangium fijbfuraceum (Roth) L>e Not — On dead, but still 
standing, branches of Alntts tncana (L ) Moench in dense shade 
near the shore, Rock Harbor 

♦Cenangium populneum (Pers ) Rehm — On decorticated twig of 
Populus tremuloides, Rock Harbor 

♦Dermatba Aua (Fkl ) Rehm *— On dead twig of living Alnus in 
old burned area, Siskowit Bay 

Dermatea Cerasi (Pers ) Fr (?) — On gall on Prunus penneyU 
vantca L., Lake Eva Trail from McCargoe Cove The absence 
of spores prevents an unquestionable determination 

♦Godbonia Ubchoius (A AS ex Fr ) Karst — On dead stems of 
Viburnum paucifiorum Raf , Moose Lake, near Tobin Harbor 
Apparently this species has been reported in this country from 
Alaska only Moreover, this is a new host The smaller asci 
prevent this collection from being referred to 0 Vibumi (Fkl ) 
Rehm 

♦Cortnb versiformw (Pers ) Rehm — On rotten log in Sphagnum 
bog, Rook Harbor 

*Ombrophii*a CLAVue (A A S > Cke. — On submerged sticks and 
alder leaves in swamps, common, Rock Harbor, Tobin Harbor, 
and McCargoe Cove 

MoLUSlACEAB 

Mo&usu ciNXBEA (Batech) Karst, — On rotten log, Rock Harbor 

♦Mouabu rotola Saco — On dead culms of CalamagroBiie sp , 
Seoville point and Rock Harbor 
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Niptera uda (Pen ) Fkl — On rotten wood in swamp, head of 
Tobm Harbor The spores in this collection are distinctly two- 
celled 

•BELONiorrai aurantiacum Rehm — On old, dead culms of C alamo* 
grostis »p at the edge of a rock pool, Scoville Point 

Helotiacfae 

Chlorosplenium aercqinascens (Nyl) Karst — On wood of 
frondose species, including Populua tremulotdea , Angleworm 
Lake, Ryan Island in Siskowit Lake, and near the outlet of 
Siskowit Lake 

Chlorosplenium akruqinosum (Oeder) De Not — A single col- 
lection on a rotten stick, Rock Harbor 

Dasyscypha Aqassizu (B & C ) Sacc — On Abus bdlsamea, Rock 
Harbor Det by Q G Hahn 

♦Dasyscypha arida (Phill ) Sacc — On Abies baUamea, Rock Har- 
bor Det by G G Hahn 

♦Dasyscypha calyciformis (Wilid ) Rehm — On a canker on Pmua 
Banksiana Lamb , Mott Island Det by G G Hahn 

•Dasyscypha distinguenda (Karst) Sacc — On rotten wood of 
frondose species, Rock Harbor 

•Dasyscyphedla Cassandra e Transs ( Ennella borealis Povah) 
— On dead stems of Chamaedaphne calyculata (L ) Moench , in 
swamp of Thuja ocadentalis , Rock Harbor Coll by A H 
Povah, No Fp 497 For a discussion of this synonymy see the 
paper by Kanouse in this volume, pp 74-75 

Helotium citrinum (Hedw ) Fr — On poplar and other frondose 
species, Benson Lake and at the outlet of 8iakowit Lake 

•Helotium umonicodor Brea — On Thuja occidental ta, Tobin Har- 
bor 

♦Hklothjb* RHisopHiLUM Karst —On rotten wood in swamp, 
Moose Lake 

Helottum ytkgultorum (Vahl) Karst var* iructigenum (Bull ) 
Rehm — On alder catkins in swamp, Passage Island 

•Lachnella CORTICAU8 (Pers ) Fr — On bark of dead Populua 
Irentulotdes , Rock Harbor 

♦Lachnttm HTALiNEttuM Rehm — On wood of Thuja occidentals 
and on cone soales of Picea canadensis, Scoville Point and Rock 
Harbor 
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Lachnum virgin eum (Batsch) Karst — On poplar twigs in moist 
duff, Rock Harbor The crystals on the excipul&r hairs are 
soluble m potassium hydroxide solution, like those found in 
some of the Thelephoraceae 

•Phi alb a subcarnka (Cke & Pk ) Sacc — Parasitio upon, and 
killing, Dtcranum flagellate Hedw , leafy liverworts and mosses, 
Rock Harbor, Forbes Lake, and Hay Bay This interesting 
species was described by Peck from infected liverworts collected 
at Sand Lake, New York In the Farlow Herbarium it is 
represented by the following collections Shelbum, New Hamp- 
shire, and Lac Clair, Canada, Farlow, and N A Fungi No 2X43, 
Adirondack Mountains, Rex All these are on moss Plate 
XXIII, Figure 2 

•Sclerotinia bifrons Seaver — Parasitic upon leaves of Populut 
tremuloides, Rock Harbor and Sargent Lake 


Pbzizaceae 

Acetabula vulgaris Fkl — On ground, Rock Harbor and at the 
outlet of Siskowit Lake 

Aleukia aurantia (Pers ) Fkl — On soil, Rock Harbor 
•Aleukia wisconsinensis Rehm — On decaying leaves, Rock 
Harbor 

•Dibcina macrospora Bubak — On rotten log, Smithwick Island 
This species is not given in Seaver (25) 

•Humaria theleboloides (A & S ) Rehm — On moose dung, Rock 
Harbor, and on very wet soil. Passage Island 
•LAMPRoaPORA carbonari a (Fkl ) Seaver — On soil, at the outlet 
of Chickenbone Lake The specimen has been compared with 
the cotype of Barlaea carbcnana (Fkl ) Sacc in the Farlow 
Herbarium 

Lauprospora Crbc'hqueraultii (Crouan) Boud (Barlaea as - 
pereUa (Rehm) Sacc.) —On wet soil, at the head of Tobin 
Harbor, near Angleworm Lake, and at McCargoe Cove 
•Macrgpoma Corium (Weberb) Sacc — On rotten wood, Mott 
Island 

Macropodia macropus (Pers) Fkl — On soil or rotten wood, 
McCargoe Cove, Rook Harbor, and Tobin Harbor 
Fbsssa clypbata Sehw — On very wet conifer stump, above 
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beaver dam in the outlet of Mud Lake, at the west end of 
Siskowit Lake 

Prziza vesiculosa Bull (?) — On shady, mossy bank, head of 
Tobin Harbor 

Plicaria badia (Pers) Fkl — Common on rotten wood, Book 
Harbor, Passage Island, Lake Eva, and Tobin Harbor 

Plicaria bbunneoatra (Deem ) Rehm — On sod. Lake Eva, 
and Tobin Harbor 

Plicaria fimeti (Fkl ) Rehm — On moose dung, Rock Harbor 
and Tobin Harbor 

Plicaria bepanda (Wablb ) Rehm — Two collections from rotten 
wood, Tobin Harbor 

Plicae rx bubrofusca Rehm — Reported only by Rehm (24), 

•Pseuooplectania nigkklla (Pers ) Fkl — A single collection on 
wood, Rock Harbor 

Pyrqnema omphalqdes (Bull ) Fkl — On burned soil, Rock 
Harbor 

•Scutellinia coprinaria (Cke ) Kuntse (Lachnea coprtnana (Cke ) 
Phill ) — On moose dung, Rock Harbor and at the outiet of 
Siskowit Lake 

*8cutellinia fusicarpa (Ger ) Kuntze (. Lachnea aspera Sacc & 
Syd ) — On ground in arbor vitae swamp, Rock Harbor 

*Scutellwia giieqaria (Rehm) Kuntae ( Lachnea gregaria (Rehm) 
Phill ) — A single collection on rotten wood, MoCargoe 
Cove 

Scutellwia hemispherica (Wigg ) Kuntse (Lachnea hemt*- 
phenca (Wigg ) Gill ) — Common cm wet, rotten wood, Rock 
Harbor, Mott Island, and Sargent Lake. 

*Scutellinia michiganensis Povah, comb nov (Patella imchtganen- 
st8 Povah) — On moose dung, Moose Lake near Tobin Harbor 
and Sargent Lake Trad from McCargoe Cove Coll by J L 
Lowe The Moose Lake collection (No Fp 211, coll by A H 
Povah) Is the type from which the species was described 
( 22 ) 

Scut ellin i a scutellata (L) Lamb (Lachnea scuUUala (L) 
Gill ) — Common on wet, rotten wood and occasional on soil 
and moose dung, Rock Harbor and Tobin Harbor 

ScxrrELUNiA setosa (Nees) Kuntze (Lachnea eetoea (Neee) GUI ) 
— A single collection on wet, rotten Wood, Tobin Harbor 
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Abcobolaceae 

Ascobolus stercorarius (Bull ) Schr6t — On moose dung, Sar- 
gent Lake 

♦Ascobolus vinosus Berk — On moose dung, Rock Harbor This 
collection cannot be referred to A stercoranus (Seaver, p 92) 
Asci 150-170 X 20-25 m, spores 1$ 20 X 9 n 
♦Ascophanus ABGENTEua (Crouan) Boud — On moose dung near 
Sargent Lake 

Aboophanus carneub (Pers ) Boud — On moose dung, mixed with 
Lamobolu* longuetosus Povah, at the outlet of Siskowit Lake 

Lasiobolus LONOI6ETOSU8 Povah — Abundant on moose dung, 
Bock Harbor, Mott Island, and at the outlet of Siskowit Lake 


Hblvbllaceab 


RHIZINAB 


♦Psilopeziza nummularia Berk — On rotten wood, Chickenbone 
Lake 


helvellab 


Gyromitra infula (Pers ) Qu£l — On ground in wet places, Lake 
Eva, McCargoe Cove, Wallace Lake, Siskowit Bay, and Passage 
Island 

♦Helvblla atra Kdnig — On very wet soil, McCargoe Cove, Tobin 
Harbor, at the outlet of Siskowit Lake, and at the outlet of 
Chickenbone Lake 

Helvella blastica Fr — On wet soil, Tobin Harbor and Siskowit 
Lake 

Helveua infula Schaeff — All specimens collected are parasitized 
by Sphaeronemella Helvetia# Karst , Wallace Lake 

Helvella lacunosa Afzel — Four oollections m moist woods, 
Tobin Harbor, Hock Harbor, and Birch Island in McCargoe 
Cove* 

GBOGLOS&AB 

•Apobteeidium Gubrnxsaci (Crouan) Boud — Only two specimens 
oh sticks in water. Monument Rock Trail This species is 
apparently known hitherto only from the New England states 

sndWa 
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Cudonia cmciNANS (Pers ) Fr — On ground rich in leafy debris, 
Tobin Harbor, Passage Island, and McCargoe Cove 

Geoglossum glabrum Pers — Four collections, Tobm Harbor, 
McCargoe Cove, and north of Hay Bay 

Geoglossttm nigritum Cke — A single collection, north of Hay 
Bay 

Leotia stipitata (Bose ) SchrOt — On rotten wood in arbor vitae 
swamp, Rock Harbor 

Microglossum rvtvm (Schw ) Underw Rather common on 
rotten wood, m wet places, Rock Harbor, Lake Eva, McCargoe 
Cove, and at the outlet of Siskowit Lake 

♦Mitrula irregularis (Pk ) Dur — A single collection from mossy 
ground under conifers, Rock Harbor, and one from a swamp of 
arbor vitae, Rock Harbor 

Mitrxjla phalloidks (Bull ) Chev — Abundant on decaying leaves 
m pools in swamps, Rock Harbor, Tobin Harbor, and Blake 
Point 

Spathularia clavata (Schaeff ) Sacc — Common on rotten wood 
(white birch) and on soil in mixed woods, Rock Harbor, Tobin 
Harbor, Greenstone Ridge, and Passage Island 

Trichoglossum hirsutum (Pers ) Boud — * A single collection in 
a swamp at the head of Rock Harbor 

Vibrissea truncorum (A <fe S ) Fr — Two collections from sticks 
in running water, Monument Rock Trail from Tobin Harbor 

AGYRIALES 

Exascaceab 

♦Taphrina Cerasi (Fkl ) Sadeheek — Causing witches -brooms on 
Prunut penneylvanuw L , Lake Eva Trail 

TUBERALES 

Ontgbkacbae 

♦Ohygera oorvina A AS— On decaying feathers of a sea gull, 
Bat Island Apparently the only published record of this fungus 
in North America occurs in Bisby, Buller and Dearness, The 
Fungi of Manitoba (1) Dr Thaxter informed the writer that 
he had collected this species on owl pellets at Kittery Point, 
Maine Plate XXIII, Figure 1 
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Elaphomycetacbae 

♦Elaphomycbs granulatus Fr — On surface of soil under arbor 
vitae, Lake Ritchie 

Tuberaceae 

♦Tuber heparans Gilkey (?) — One inoh below the surface of the 
soil, at the outlet of Chickenbone Lake Dr Gilkey writes 
“Asa and spores are immature, but structural characters of 
cortex and hymewura are those of T separana Gilkey ” This 
species was originally collected in California and has since been 
reported only once, from Winnipeg, Canada (1) Det by Helen 
M Gilkey 

PROMYCETES 

USTILAGINALE9 

Ubttlaginacbae 

Cintractia car i cis (Pers ) Magn — Rather widely distributed on 
Carex tnsperma Dewey, C atneia Lam , C paupercula Michx , 
C aurea Nutt , Scirpus mbtermmahs Torr , and S caespitosus 
L , Rock Harbor, Passage Island, Moose Lake, Tobin Harbor, 
Lake Eva, and Sumner Lake 

PUCCINIALES 

PUCCINIACEAB 

Gymnosporangium clavipes Cke A Pk — On Amdanckter sptcaia 
(Lam ) C Koch , Sargent Lake Trail from McCargoe Cove 
Gymnosporangium Junipkri Lk — On Sorbu* amencana, Rock 
Harbor This rust is exceedingly common and gives to the 
landscape a brilliant touch of color in late summer 

♦Peridermium colobadenbe (Diet) Arth & Kern — Causing 
witches ’-brooms on Picea canaden*%6, near old mine, Rook 
Harbor, and on high ndge, McCargoe Cove, causing witchcs'- 
brooms on Ptcea manana, Rock Harbor 
Phragmidium occipbntalb Arth — On RubuB parvtflorus Nutt , 
Rock Harbor and at the head of Tobin Harbor 
Phraqmioium Rosae-aciculabis Liro — On Rosa actculans Lindl , 
Ro ck Harbor, Mott Island, at the outlet of Siskowit Lake, and 
in an old burned-over area, Siskowit Bay 
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Puccinia Abteris Duby — On Aster macrophyllu « L , Rock Harbor 

♦Puccinia calthaecola Schrot — On CaUha palming L , Passage 
Island 

Puccinia Circaeae Pers — On Ctrcaea alptna L , at the head of 
Rock Harbor Coll byC A Brown 

Puccinia conolomerata (Strauss) Schmidt A Kunze — On Pe- 
tasites palmatus (Ait ) Gray, two collections, Rock Harbor, by 
C A Brown 

Puccini a coronata Cda — On Calamagrosita canadensis, Passage 
Island and Rock Harbor, on Rhamnus almfoha L'H6r , Rain- 
bow Harbor and Washington Harbor Coll by C A Brown 

♦Puccinia Epilobii DC — On Epxlobium densum Raf , Moose Lake, 
near Tobin Harbor Coll by C A Brown Mains writes 
“This species is apparently only rarely collected in North 
America It Is reported only from Wyoming, Quebec, and 
Greenland This is, apparently, the first collection on Eptlbbium 
densum ” 

♦Puccinia extbnsicola Plow — On Aster sp , Tobin Harbor and 
Moose Lake 

Puccinla graminib Pers — On Phkum praUnse L , Rock Harbor 
and Forbes Lake, on Agropyron ienerum Vasey, Rock Harbor 

♦Puccinia Grindeuab Pk — On Soltdago ap , Mount Franklin 

Puccini a Haleniae Arth A Holw — On Halenvx deflex a (Sm ) 
Grieeb , Rock Harbor 

♦Puccinla Heucherae (S ) Dietl — On MiteUa nuda L , Rock 
Harbor, Mott Island, Lake Ritchie, and at the head of Tobin 
Harbor 

Puccinia HiBiu.cn (Schum ) H Mart — On Hxeractum camdense 
Michx, Rock Harbor and McCargoe Cove, on Taraxacum 
offlcmale Weber, in old burned area, Slskowit Bay, on Htsraaum 
umbeUatum, Rook Harbor 

Puccinia Iridis (DC ) W&llr — On In* versicolor, Siakowit Bay 
Coll by C* A Brown 

♦Puccinia Limobar Magn — On Lynmachia terrestri* (L ) BSP , 
growing on sedge mat on the shore of Moose Lake, Tobin 
Harbor 

Puccinia Linkii Xlotssche —On Viburnum pauctflotum Raf, 
Rpek Harbor, at the head of Tobin Harbor, and Passage Island 
The rust affects the leaves, petioles and tender stems, oftentimes 
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causing marked distortions When fresh the fungus possesses a 
very disagreeable odor, which is thought to be attractive to in- 
sects, since flies were frequently observed crawling over the son 
Puccinia Mentha® Pers — On Satureja vulgans (L) fntsch, 
Rock Harbor Coll by J B McFarlin, on Mentha arvensis 
var canadenst $ (L ) Bnq , at the west end of Siskowit Lake 
Puccinia mesomeoala B & C — On Clwtonia borealis (Ait ) Raf , 
Rock Harbor Coll by C A Brown and J L Lowe 
•Puccinia perminuta Arth — Qn Cmm latifoha (Trev ) Gnesb , 
at the head of Tobin Harbor Mama writes "Probably best 
considered a race of P rubigo-vera ” 

Puccinia Poabum Niels — On Poa sp , in dry, rocky place along 
Sargent Lake Trail from McCargoe Cove 
Puccinia Pringsheiuiana Kleb — On Ribcs proxtroium L'H4r, 
Washmgton Island in Washington Harbor Coll by C A 
Brown 

Puccinia ftomaba Erikss — On Orytopnn atpenfoha Micshx , at 
the head of Tobin Harbor and Sargent Lake Coll by J B 
McFarlin and J L Lowe 

•Puccinia Pybola® Cke — On Polygala pauctfiora Willd , McCargoe 
Cove, coll by C A Brown, and Lake Ritchie 
Puccinia bubioo-vera (DC ) Wint — On Tkahdrum danycarpum , 
head of Tobin Harbor Coll by C A Brown 
•Puccinia sbssilis Schneld — On Maianthemum canadense Deaf , 
m very wet place on Mott Island 

Puccinia Vioeab (Schum ) DC — On Vtoh remfolta Gray, Mott 
Island, coll by C A Brown, on Vtola ep m swamp, Rock 
Harbor, and on high rocky ridge, Forbes Lake 
•Puccinia Waldsteinia® M A Curtis — On Waldsteima fraga* 
rundei (Michx.) Trattinick, on Greenstone Ridge near Mount 
QJibway (Sec 21, T 66 N , R 34 W) 

•Ubomtces amounus Syd — On Anaphahs margarttoce a (L ) B & 
H, Rock Harbor Mains writes "Previously reported only 
from northwestern United States and British Columbia ” 
Uromtcks Faba® (Pers > DeBy — On Lathyrus ochroUucus Hook , 
Mount toaakUn (Sec 21, T 65 N , R, 34 W ) Coll by J L 
Lowe 

UnomrcEa Hrwteici <Schw ) Curt — On Hypertcum mgtnxcum L , 

Moose Lake* 
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*Uromyce» Jackbonii Arth A Fromm e — On Deschampsia sp , 
Rock Harbor Mams writes “Previously reported only from 
the Pacific Coast ” 

Uromycks Thipoui (Hedw f ) L£v — On Trtfohum repena L , 
Rock Harbor 


Mbxampsorac eab 

Calyptobpora Golppertiana J KOhn — On \accimum pcnn- 
sylvamcum Lam , at the head of Tobm Harbor 

Chrybomyxa Cassandra e (Pk & Chnt ) franza — On Chamae~ 
daphne calyculaia , Rock Harbor 

•Chrybomyxa Chiogbnis Diet — On Ckiogenes hispidula (L ) Torr 
A Gr , Rock Harbor 

Chrybomyxa eedicoea Lagh — On Picea manana (Mill ) BSP , 
and on Ledum groenlandicum, Lake Eva, Rock Harbor, and 
Benson Lake 

Chrysomyxa Pyrolae (DC) Rostr — On cones of Picea canar 
densis, island near McCargoe Cove (Sec 15, T 66N,R 33W), 
on Pyrola secunda L , Rock Harbor and Tobin Harbor, on 
Pyrola chlorantha Sw , Moose Lake, on Morn sea uniflora (L ) 
Gray, Rock Harbor 

Coleobporutm Soudaginis (Schw ) Thtim — On Aster macro - 
phyllus L , at the head of Tobin Harbor 

Cbonabtium Commandrae Pk — On Comnumdra pallida A DC , 
Benson Lake, and on Commandra htnda Richards, Lake Ritchie 
Trail 

Hyalopbora Abpidiotub (Pk ) Magn — On Phegopteris dryoptens 
(L ) Fee , Rock Harbor 

Melampsora Humbow>tiana Speg — On Salxz sp , Rock Harbor 
and Benson Lake 

*Melampsora Popuu-Tbugae J J Davis — On Populus tremur 
hides , Rock Harbor and m old burned area, Siskowit Bay 

MiLAMPSOREEEA Car Y OPH YLlA CKAR UM SchrSt — On AblCS bol~ 

samea, Rock Harbor and Mott Island, on Stellana sp , Passage 
Island 

•Melampsoridum betvltnvk (Tul ) Kleb — On seedlings of Betula 
aha var papynfera , McCargoe Cove 

Pucciniastrum Epxlobii Otth — On Epilabium adenocauton 
Haussk , Sargent Lake Trail, and at the head of McCargoe 
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Cove, on E anguatifohum L , in old burned area, Siskowit 
Bay 

“Puccini astkum Potkntillae Rom — On Potmhlla irtdentaia Ait , 
two collections, rock crevices near water’s edge, Hock Harbor 


BASIDIOMYCETES 

TREMELLALES 

Aitriculariaceai 

Aubicularja auricula-judae (L) SehrOt — On coniferous wood 
and on bark of mountain maple, Smithwick Island, Tobin Har- 
bor, and at the outlet of Siskowit Lake 

Trkmellackae 

Exidia glandulosa (Bull ) cx Fr - On alder and white birch, 
Tobra Harbor and Smithwick Island Rather common 

Gyrocephalvs rufus (Jacq ) Bref — On coniferous wood, McCar- 
goe Cove and at the outlet of Chickenbonc Lake 

“Tremella encephala Willd — On tw ig of balsam fir, Ryan Island 
in Siskowit Lake 

Trkmklla mesentbrica Ret* — On alder, Moose Lake, McCargoe 
Cove, and Tobin Harbor 

Tremellodon gelatinosum (Scop ) Pers — On coniferous logs, 
Moose Lake and Passage Island 

“Sebacina calcka (Pers ) Bros — On Ptcea sp , Moose Lake 

Dacryomycktaceae 

Calocera palmata (Sohw) hr —On log of frondose species, at 
the head of Tobin Harbor 

Dacryomycbs deliquescens (Bull ) Duby — On alder and Thtya 
occtderUalu , at the head of Tobin Harbor, Smithwick Island, 
Scoville Point, and at the west end of Siskowit Lake Common 

“DACRtotnrcna palmatus (Sehw ) Burt — On coniferous wood, es- 
pecially spruce, Monument Rock Trail, Moose Lake, Ryan 
Island in Siskowit Lake, and at the west end of Siskowit Lake 
Common 
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AGARICALES 

Thelephoraceab 

Aleurodiscus amorphus (Pers ) Rabh — On Abtee balmmea , Rock 
Harbor, and at the outlet of Siskowit Lake 

♦Aleurodiscus nivobus (B A C ) v H & Litsch — On Thuja 
occtdentaltSf Rock Harbor, Tobin Harbor, and McOargoe Cove 
This is, apparently, a new host Burt (3) reports it on two species 
of Juniperus and Charaaecyparis 

♦Coniophora BYssoiDKA (Pers ) Fr — On coniferous log, old Poly- 
stictus, and on d6bns of forest floor, Tobin Harbor and Moose 
Lake 

♦Corticium calceum Fr emend Burt — On Thuja occidentaha, at 
the outlet of Siskowit Lake 

Corticium laetum (Karst ) Bres — Collected only by Stunt* and 
Allen (4) 

Corticium livido-caekulkum Karst — On under side of coniferous 
log, a single collection, Tobin Harbor This specimen has been 
compared with the type m the Von Hdhnel Herbarium in the 
Farlow Herbarium In the former herbarium is another collec- 
tion of interest, E T Harper and S A Harper No 985 It is 
this same species, collected in 1904 at Rock Harbor, Isle Royale 
It was determined by Bresadola and on the packet the spores 
are given as 7-11 X 3-4 5 jz 

♦Corticium lividum Pers — On Jog of Ptcea canadenm f Monument 
Rock Trail from Tobin Harbor 

♦Corticium vesiculosum Burt (?) — On under side of coniferous 
log, Tobm Harbor The specimen is referred to this species al- 
though growing on a coniferous substratum No gloeoeystidia 
were found, but vesicular bodies are present Since no authen- 
tic specimen was available for comparison, the identification is 
marked “uncertain ” 

♦Cyphella pasciculata Schw ex B AC — On branch of frondoae 
species, Rock Harbor 

Cyphella Tiliae Pk ex Cke, — On twigs of Thuja occidental**, 
McCargoe Cove 

Cytiwa sALicnf a (Fr ) Burt — On alder and willow, Rock Harbor 
and Siskowit Lake 
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Exobasidium Vaccini (Fkl ) Woronln — On Chamaedaphne calycur 
lata, Rock Harbor, and on Vaccimum pennsylvanicum, Tobin 
Harixnr Det by E B Maine 

Hticenochakte agglutinans Ellis — On living Alnus incana, at 
the outlet of Stskowifc Lake 

Hymbnochaktb cokrugata (Fr ) L6v — On Ptcea canadensis and 
Thuja ocadentaks, at the outlet of Siskowit Lake and at Tobin 
Harbor , also by Allen and Stunts (4) 

Hvmenochaetb tabacina (Sowerb ) L4v — Common On spruce, 
white birch, alder, and Thuja occidental ts, Smithwick Island, 
Rock Harbor, Mott Island, McCargoe Cove, and at the outlet 
of Siskowit Lake also by Allen and Stunts (4) 
•Hymbkqchabjtbj tenuis Pk — On Thuja occidentals , at the outlet 
of Siskowit Lake 

Hypochnus ckbvinus Burt — On moose dung, Rock Harbor 
♦Hypochnus paludopulvus (Pk ) Burt — On PeUtgera sp and on 
old alder, Passage Island and McCargoe Cove 

Hypochnus pannosus (B & C ) Burt — On log of frondose species, 
Tobin Harbor 

Hypochnus kubiginosus Bres — On arbor vitae, McCargoe Cove 

Peniophoka aueantiaca Bres — On Alnus incana. Rock Harbor, 
Moose Lake, and at the head of Rock Harbor 

Peniophoha cinbbea (Pers ) Cke — On alder and white birch, 
Rock Harbor and Smithwick Island 
•Peniophora fiuamkntosa (B <fe C ) Burt — On white birch log, 
McCargoe Cove 

Peniophoha gigaNtea (Fr ) Mass — On Alnus sp , at the outlet 
of Siskowit Lake 

♦Peniophoha glebulosa Bres — On dead twigs of Abus bakamea, 
Rock Harbor 

Peniophoha incarnata (Pers) Bres — On Populus tremuloides, 
Rock Harbor 

•Peniophoha populnea (Pk) Burt —On Populus trmuloides , 
Rode Harbor and Mount Franklin 

Solenia anomaua (Pers ) Fkl — On white birch log, Tobin Harbor 

Stehbom abietxnuh Pena — On balsam fir log, McCargoe Cove 

Schw — Collected only by Allen and Stunts 


HmevTUM Willd ex Fr — Common on white birch, 
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Smith wick Island, at the outlet of Siskowit Lake, Tobin Har- 
bor, and McCargoe Cove 

Stekkum Murrayi <B <fc C ) Burt — On white birch, Tobin 
Harbor, on Betula lutea, north of Siskowit Lake, and on 
frondose species, McCargoe Cove 

Stereum purpukeum Pers — Common on white birch and quaking 
aspen, Moose Lake, Tobin Harbor, McCargoe Cove, at the 
outlet of Siskowit Lake, and at the head of Tobin Harbor 

Stereum rufum Fr — On Populxis tremulotdes, Mount Franklin, 
Tobin Harbor, and Rock Harbor 

*Stereum sanguinolentum A & S — On dead Abies baUamea t 
Passage Island and Tobm Harbor 

Thblephora anthocephala (Bull ) Fr — On ground under coni- 
fers, McCargoe Cove 

Thelkphora multipartita Schw — On ground in mixed woods 
near the water's edge, at the head of Tobm Harbor 
*Thelephora scissilis Burt — On ground, at the outlet of Chicken- 
bone Lake Although known only from the type collected m 
Washington, the specimen is referred to this species after having 
been compared with the type Plate XXII, Figure 1 
*Thelbphora spiculosa Fr — Growing on leaves and slightly as- 
cending stems, at the outlet of Chickenbone Lake 


♦Clavaria appalachiensis Coker — In arbor vitae swamp, north 
of Hay Bay 

Clavaria cinkrea Bull — On ground, Angleworm Lake, m mixed 
woods, Sargent Lake The plant is white, with a purplish tmge 
when fresh, with the tips almost white, but darkens in age The 
spores m our specimens measure 7 7-10 X 7 ju 
Clavaria cristata (Holmsk ) Pers —In white birch forest, Sargent 
Lake, and near the outlet of Chickenbone Lake 
Clavaria inaequalis Mtill — * In arbor vitae swamp, Lake Ritchie, 
m swamps, Rock Harbor, at the outlet of Chickenbone Lake, 
and Siskowit Lake 

Clavaria lioula Schaeff — On coniferous duff and in arbor vitae 
swamp, McCargoe Cove, at the outlet of Chickenbone Lake, 
and at the outlet of Siskowit Lake 
♦Clavaria obtusissima Pk — In mixed woods, north of Siskowrt 
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Lake, Rock Harbor, Lake Ritchie, and McCargoe Cove The 
last-mentioned collection has the following field notes “Plant 
cadmium yellow (R ) when young, changing to deep chrome 
(R ) when mature, whitish at the base, tips concolorous with 
the branches, flesh white or pinkish, not changing color when 
bruised, brittle, taste mild, odor slightly disagreeable, spores 
pale ochraceous, 0-10 5 X 3 5-4 5 u smooth ” 

Clavaeua pi still a jus L — Three collections, Rock Harbor, Sisko- 
wit Bay, and at the head of Rock Harbor 

Clavakia pulchra Pk — In arbor vitae swamp, Lake Ritchie, 
and on Ryan Island m Siskowit Lake 

*Clavama stricta Pers — On wood, Rock Harbor The material 
agrees with a specimen in the Farlow Herbarium, collected near 
Ithaca, New York, by Kauffman 

Lachnocladuim bp (?) — On sticks and on moose dung Imma- 
ture At the outlet of Chickenbone Lake 

Hydnaceab 

♦Hydnum albidum Pk — In arbor vitae swamp, McCargoe Cove, 
and m mixed woods, Passage Island 

Hydnum albo-nkjrum Pk — On low, wet ground, Chickenbone 
Lake 

♦Hidnum alboviride Morg — On under side of Thuja occidentals , 
at the outlet of Siskowit Lake 

Hydnum auhantiacum Fr —On ground under conifers, Sargent 
Lake 

♦Hydnum oasbarettm Morg — On under side of rotten log of 
frondoee species (poplar ?), Tobin Harbor The collection agrees 
with a specimen in the Farlow Herbarium, collected and deter- 
mined by J R Weir The spores are globose, hyaline, and 
measure 4-5 m 

Hydnum cyaneotinctum Pk — On soil in mixed woods, McCargoe 
Cove 

Hydnum rrtnaceus (Bui! ) Fr — On Populus tremuUnde*, Sumner 
Lake 

♦Hydnum yarinaobum Pers (?) — On bark of Pinua Strobus, 
McCargoe Cove 

Hydnum imbbicatum (L) Fr — On ground, Bailey's Island, in 
Tobin Harbor, head of Tobin Harbor, and on Passage Island 
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♦Hydnum lacjniatum Leers — On white birch log, Birch Island, 
McCargoe Cove 

Hydnum ochraceum Fr — On white birch and alder, Tobin Harbor 
and Rock Harbor 

Hydnum zonatum Batsoh — On soil in balsam fir woods, Tobin 
Harbor and Moose Lake 

Odontia fimbriata Pers ex Fr — On wood of frondose species, 
including quaking aspen, Rock Harbor and Chickenbone Lake 

♦Odontia Pruni Lasch — On Primus pennsykamca, north of Sis- 
kowit Lake 

Odontia rimosibsima Pk — On alder and white birch, Rock Harbor 
and Smithwick Island 

Odontia vesiculosa Burt ined — On white birch, Rock Harbor 
A fragment of the type m the Farlow Herbarium shows that 
Burt named this species from material collected by the writer 
at Vermilion, Michigan (cf Povah, 20, p 262) 

Phlkbia pilbata Pk — On poplar, felled by beaver, near dam, 
Siskowit Lake 

♦Radulum orbicular® Fr — On alder and white birch, Hidden 
Lake, Tobin Harbor, and Duncan Bay 

POLYPORACEAE 

Bolbtinus pictus Pk — Three collections in mixed and coniferous 
woods, McCargoe Cove and Tobin Harbor 
Boletus scab eh Fr — Rock Harbor 

♦Boletus scabeh Fr var aurantiaca Pk — Under conifers, Rock 
Harbor 

Boletus subglabripes Pk — Under conifers, Sargent Lake 
Boletus subtombntosus L — In low, wet, mixed woods, Hidden 
Lake. 

Daedalea unicolor (Bull ) Fr — On poplar and mountain ash, 
McCargoe Cove and Siskowit Lake 
Fours applanatus Gill — On white birch, Tobin Harbor 
Fomss oonchatus (Pers ex Fr ) Karst — On dead Frattnu a nigra 
in swamp, at the bead of McCargoe Cove An interesting collec- 
tion because the specimens are pileate 
Fomes connatus (Weinm ) Gili — On Acer rubrum L , Mount 
Ojibway, and on living A saccharum Marsh, north erf Hay Bay 
Fomes fomentarius (Fr ) Gill — On white birch, Tobin Harbor* 
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Fombb igniarius (L ex Fr ) Gill — Parasitic on Populus 

lotdes, Rock Harbor, Hidden Lake, and Tobin Harbor, parasitic 
upon Ostrya tnrgimca, north of Hay Bay, on dead alder, Sis- 
kowit Lake and Rock Harbor 

Fomks nigricans Fr ex Gill — Parasitic upon white birch, north 
of Siskowit Lake, north of Hay Bay, and on Smithwick Island, 
on rotten log, Moose Lake, on Betula lutta, north of Siskowit 
Lake 

*Fomks pini Brot ex Fr Karst — On sturnp of Pinus Strobus, Lake 
Eva 

Fomes pinicola (Schw ) Cke — Common on various conifers, Rock 
Harbor, Tobin Harbor, McCargoe Cove, and Siskowit Bay, on 
white birch, Tobin Harbor and Siskowit Lake, on Populus 
tremuloides, Tobin Harbor 

Fomks rosbus (A A S ) Cke — Rather common on coniferous logs, 
Tobin Harbor and Siskowit Lake 

Fomes scutbllatus (Schw ) Cke — Infrequent on alder, Ha j Bay, 
Lake Ritchie, and at the outlet of Chickenbone I ake 
Lenmtes bbtuuna (L ) ex Fr — Infrequent on white birch, Todd 
Harbor 

Lsnzxtes sepxaria (Wulf ) Fr — Rather frequent on coniferous 
logs, Tobin Harbor and Rock Harbor, on willow, Tobin Harbor 
Mkruuub bellus BAG — On coniferous log, Rock Harbor 
Meruliub oyrobus Burt — On under side of frondose log, Tobin 
Harbor, and on under side of birch log, McCargoe Cove This 
is apparently the first collection since the type was found In 
the present specimens the spores, measuring 5-7 X 1-1 5 /*, are 
slightly longer than those in the type collection 
Merulius niveub Fr — On alder, McCargoe Cove Collected also 
by Allen and Stunts (3) 

Polyporus adustus (Wllld ) ex Fr — On poplar and white birch, 
Chickenbone Lake, Angleworm Lake, and Duncan Bay 
Polyforus ALBBLLUS Pk — On white birch, Rock Harbor, on 
alder, Tobin Harbor and Rock Harbor, on Betula lutea, Siskowit 
Lake, on mountain ash, Siskowit Lake 
PoLYPORua albolutkus E A E — A single collection of Picea 
canadensis, Tobin Harbor This, with tubes measuring 7-17 mm 
in length, is more like the western specimens 
Polypobus alUtackus Fr (P guitulatus Pk ) — Common on co- 
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ruferous wood, especially spruce and balsam fir, Tobin Harbor, 
McCargoe Cove, Sargent Lake, Chickenbone Lake, north of 
Siskowit Lake, and at the outlet of Siskowit Lake 
PotTPORias BALfiAMsus Pk — On root of Abie* balsamea, at the 
outlet of Siskowit Lake 

Polypobus bensoinus Wahl ex Fr —On coniferous log, Big 
Island (in Tobin Harbor) and Chickenbone Lake 
Polypobus betulinus Bull ex Fr — Common on birch, Tobin 
Harbor and Siskowit Lake 

Polypobus borealis Fr — On stump of Pteea canadensis, Wallace 
Lake 

Polypobus brumaus Pers ex Fr — On alder and other frondose 
species, Moose Lake and north of Hay Bay 
Polypobus cHiONBue Fr — On alder and white birch, Rock Harbor, 
Tobm Harbor, and McCargoe Cove 
•Polypobus cibcinatub Fr — Rather oommon on ground in co- 
niferous woods, Hock Harbor, Tobin Harbor, Moose Lake, 
Wallace Lake, at the head of Tobin Harbor, and Forbes Lake 
♦Polypobus con flu rns Fr — A single collection from soil under 
conifers, Tobm Harbor Coll by J L Lowe and C A Brown 
Kauffman collected this species m Colorado (16) and Tennessee 
Det by J L Lowe 

Polypobus dichrous Fr — On rotten log, at the head of Tobin 
Harbor 

Polypobus bistobtus Schw ex Fr — On soil in mixed woods, 
McCargoe Cove 

Polypobus dryophilus Berk. — On Primus pennsykamca, Lake 
Eva Trail, McCargoe Cove The specimens are smaller than 
usual, since they measure 2 5-6 cm broad, but they show the 
characteristic woody, central core The host is apparently un- 
reported for this country, although Bourdot and Gal sin (2) 
record Frunus for France 

Polypobus blbgans Bull ex Fr. — Common on birch, alder, and 
willow, Rock Harbor, Tobin Harbor, and McCargoe Cove 
Polypobus fIbrillosus Karst — On very rotten balsam fir and 
on white birch Overboil* (19) says that it grow* on wood of 
coniferous trees In Europe it is found on poplar as well This 
is apparently the first record on birch, 

Polypobus fragius Fr — Causing a heart rot of Abies j 
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Duncan Bay Coll by C A Brown It is interesting to note 
in Fries (12, p 646) "Ad hgna abiegna cane consumta " This 
is apparently a new host, Seymour (26) gives A grandis Lindl 
and Saccardo gives A pectinata DC The Isle Royale specimens 
resemble very closely specimens collected by Farlow in Chooorua, 
New Hampshire (1917), and determined by J R Weir 

Polyporus hibtus Qu61 — Common on conifers, usually on the 
roots On Abies bahamea , Passage Island, Chickenbone Lake, 
and McCargoe Cove, on Ptcea canademns, Ryan Island m Sis- 
kowit Lake and Chickenbone Lake The species is usually con- 
sidered rare both in Europe and in the United States It is 
easily distinguished by its large fusiform spores Kauffman (14) 
reported it from Isle Royale as Polyporus hispukUus Pk Plate 
XXIV 

Polyporus lacteub Fr — On aider, Siskowit Lake, on balsam fir, 
McCargoe Cove 

♦Polyporus moljjb (Pers ) Fr — On spruce, two collections, Tobin 
Harbor, coll by A H Povah, McCargoe Cove, coll by J L 
Lowe, on conifer log, Tobm Harbor, on ground under conifers, 
head of Rock Harbor, coll J B McFarlw Overholts writes 
"While your collections indicate that the species is not uncom- 
mon in the region where these were collected, yet in general it 
must be a rather uncommon plant Very few collections have 
ever reached me ” The species was reported by the writer (21) 
from Rook River A reexamination, however, of this specimen 
shows that it is not of this species The present Isle Royale 
material becomes, therefore, the first Michigan collection Det 
byL 0 Overhoite 

Polyporus paroamsjnus Fr — Rather infrequent, on poplar and 
white birch, Tobin Harbor, Wallaoe Lake, and Ryan Island in 
Siakowit Lake 

Polyporus ficipbs Fr — Rather common on coniferous wood, 
Rock Harbor, Tobin Harbor, and Moose Lake 

Polyporus radjxtus Sowerb. ex Fr — On alder, Rock Harbor, 
and on white birch, at the outlet of Chickenbone Lake To 
the writer the spores appear pale brown under the microscope, 
although both Lloyd and Overholts say that they are hyaline 

Polyporus rjwinosus Schrad ex Fr — On birch, north of Siskowit 
Lake and north of Hay Bay 
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Polyforus Schweinitzii Fr —On living and dead Picea canadensis , 
at the outlet of Chickenbone Lake, McCargoe Cove, and Lake 
Ritchie, on white pine stub, Lake Eva 
*Polyporu8 (Lbptoporus) trablus Rost sensu Bresadola — On 
coniferous log, north of Hay Bay Det by D V Baxter 
Polyporus ursinus Lloyd — On coniferous wood, especially 
spruce, Hay Bay, Tobin Harbor, at the outlet of Mud Lake, 
and at the west end of Siskowit Lake 
Pol ystictu s abietinus (Dicks ex Fr ) Cke — On coniferous wood, 
including spruce, Rock Harbor, Tobin Harbor, and at the outlet 
of Siskowit I ake 

Polystictus coNCHiPER (Schw ) Saco — On white birch twig, Sis- 
kowit Bay This host is not given in Seymour (26) 
Polystictus hirsutus (Schrad ) ex Fr — On alder and willow, 
Tobin Harbor and Rock Harbor 

Polystictus perennis (L ex Fr) Karst — On ground, Tobin 
Harbor, Angleworm Lake, and Rock Harbor 
Polystictus pubescens (Sebum ex Fr ) Lloyd — On aider and 
birch, Siskowit Lake and Forbes Lake 
PoLYsncTUft velutinus (Pars ) ex Fr — On poplar, birch, and 
alder, Tobin Harbor, Rock Harbor, and Moose Lake 
Poria attbnuata (Pk ) Cke — On rotten log, Rock Harbor 
Pori a carbonaria B A C (Fuscvpona carbonarta (B A C ) 
Murr , Trametts Sequotae Copeland) — On charred wood of 
white pine, at the outlet of Chickenbone Lake 
Poria crustulina Bres — On spruce, Rock Harbor, at the head 
of Tobin Harbor Baxter writes “ I have compared thus with 
the type specimen My herbarium contains several collections 
of this plant from different sections of the United States It is 
common in certain sections of the Rocky Mountains and in the 
Yukon, as well as in parts of northeastern North America I 
plan to discuss this poria in a paper to appear in a future volume 
of this publication ” 

Porta ferrea Pers — On hardwood limb on ground, Rock Harbor 
Baxter writes “This plant is exactly similar to the one of Porta 
ferrea which I have received from Romell ” 

*Poria FERRuoiKoo-ruscA Karst , ( P marginella (Pk) Saco) — 
On old spruce log, Tobin Harbor 

Poria perruginoba (Schrad) Fr — On Thuja ocadentahs and 
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Acer sacchantm t at the outlet of Siskowit Lake and Greenstone 
Ridge, north of Hay Bay 

•Poria FiMBMATtXLA (Pk ) Sacc — On coniferous log, Siskowit Bay 
Poria LKNI8 Karst — On coniferous log in old burn, Siskowit Bay 
Poria RtiFA (Schrad ) Fr — On under side of spruce Jog, Rock 
Harbor 

Poria 8UBAC1DA (Pk ) Sacc — On spruce and white birch log, Rock 
Harbor, McCargoe Co\e, and at the outlet of Siskowit Lake 
•Poria subicuujsa (Pk ) Cke — On conifer log, Moose Lake 
•Ptychooastek UTRINU6 sensu Romell — On under side of 
poplar (?) log, Monument Rock Trail from lobin Harbor 
Baxter writes “This plant is closely allied to Polyporus sericeo - 
mollis, which is found on conifers The older and more mature 
specimens in the collection do not show this so r ell as do the 
other portions of the collection Ihe 'cottony' mycelium m 
the badly decayed wood is very characteristic of this group of 
plants, which belongs to the senes named Polyporus vaillantn, 
'der Hausschwamm/ In Metz This collection from Isle Royale 
shows both bamdiospores and abundant subglobose and vanable 
chlamydospores The basidiospores of P citrinus are only very 
slightly larger than those of Polyporus senceo-molhs ” Det by 
D V Baxter 

Trametes cinnabarina Fr — On white birch and other frondose 
species, Moose Lake and Tobin Harbor 
Trametes Pini There ex Fr — On spruce, fairly common, Rock 
Harbor and Tobin Harbor 

Trametes quercina Lloyd ( Polyporus arcticus Ft) — On white 
birch, Siskowit Bay Two specimens in the Farlow Herbanum 
(ex Herb Ellis), collected in Colorado by Demetno m 1888, are 
the same plant Since the name Trametes articus Berk is a 
synonym for Fames Palliseri Berk , Lloyd's name is used because 
the plant is a Trametes rather than a Polyporus 
Trametes sefium Berk —On under side of decorticated bal- 
sam (?) log, McCargoe Cove Det by D V Baxter 
Trametes subrosra Weir — On living and dead Ptcea canadensis , 
Rock Harbor, Hay Bay, Tobin Harbor, and at the outlet of 
Siskowit Lake 

Trametes tenuis Karst — On various conifers, including Thuja 
occidentals* and Ptnus Strobua, McCargoe Cove, Siskowit Lake, 
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Forbes Lake, Rock Harbor, and at the west end of Siskowit 
Lake Det byD V Baxter 

Trametes VARnroRMifl Pk —On under side of Ptcea canadetm* log, 
Tobin Harbor 

Trametes VARnroRMis Pk var interrupts Pk — On conifer log, 
Tobin Harbor 

Trametes VAKiirORMia Pk var noditlosus Pk — On spruce log, 
Siskowit Lake, on conifer log, Tobin Harbor 

Trametes variiformis Pk var resupinatub Pk — On under side 
of log of Picea canadenm, Rock Harbor 

Agarxcacsab 

Amanita tlavoconia Atk — Under conifers, at the outlet of 
Cbickenbone Lake 

♦Amanita hyoroscopica Coker — * Under spruces, Tobin Harbor 
Det by A H Smith 

Amanita muscaria Fr — Under arbor vitae, Sargent Lake Det 
byA H Smith. 

Amanita tombntella Kromb — In mixed woods, Siskowit Lake, 
also reported by Kauffman (15) 

Amanitopsis vaoinata Fr var livida Pk — Rock Harbor 

Armillaria mellea (Vahl) Fr — On spruce root, north of Hay 
Bay 

Cantharellub cibarius Fr — Tobin Harbor, Sargent Lake, and 
McCargoe Cove, also reported by Kauffman (15) 

*Cantharelujs clavatus Fr — In mixed woods, Tobin Harbor 
and McCargoe Cove 

Canthareuajs infundibuupormib Fr, — Under arbor vitae, Sar- 
gent Lake 

♦Cantharellus multiplex Underw — On conifer stump, north of 
Hay Bay 

CLrrocirtBE inpundibulitobmis Fr — Under conifers, Moose Lake 
and McCargoe Cove, also reported by Kauffman (15) 

Cmtoctbe laccata Fr var AMBTHTSTiNA Bolt — In mixed woods, 
Rode Harbor and Tobin Harbor 

Clitocybb ochbopubpitbba Berk — Reported only by Kauffman 

(15) 

Collybia conpluens Fr — Under birch trees and arbor vitae, 
Sargent Lake and Siskowit Lake 
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Collybia DRYOFHitiA Bull — In mixed woods, Rook Harbor and 
Moose Lake 

CoLLYBiA familta Pk (?) — On rotten log, Ryan Island in Sis- 
kowit Lake 

Collybia maculata A & S — Reported only by Kauffman 
(15) 

Cortinarius armillatus Fr — Under conifers, McCargoe Cove, 
also reported by Kauffman (15) 

Cortinarius fulmineus Fr var bulphureus Kftuff — Siskowit 
Bay 

Cobtinariub mammqbub Kauff — In mixed woods, Rock Harbor 
♦Cortinarius Mobbisii Pk — In wet woods, Rock Harbor 
Cobtinariub mucifutus Fr — In low, wet woods, Rock Harbor 
Cobtinariub sanguineus Fr — Reported only by Kauffman (15) 
Cobtinariub BPHAONOPHUiUS Pk — In Sphagnum bog, Rock 
Harbor 

Cobtinariub violaceus Fr — Lake Eva, near Angleworm Lake, 
and Passage Island, also reported by Kauffman (15) 
Cbepidotus ruuvoTOMENTOsus Pk — On poplar, Mott Island, 
Rock Harbor, and near old lighthouse 
Hygrophobub conicub Fr — Infrequent In wet woods, McCargoe 
Cove 

Hygrophobub miniatus Fr — Tobin Harbor 
Hygbophobub NmnuB B <fc C — Sargent Lake 
Hygrophobub Peckji Atk — In mixed woods, McCargoe Cove, 
also reported by Kauffman (15) 

Hyfhouoma prbplexum Pk — Tobin Harbor 
Inocybb calamistrata Fr —Under balsam firs, head of Tobin 
Harbor 

Inocybb lbptophylla Atk — In Sphagnum bog, Rock Harbor 
Lactabiub cinbbeub Pk — Reported only by Kauffman (15) 
Lactabiub dbceptivus Pk — Reported only by Kauffman (15) 
Lactariub dbuciosus Fr — In alder, arbor vitae swamp, McCar- 
goe Core, also reported by Kauffman (15) 

Lactabiub auras Fr —In swamp, Rook Harbor 
Lactabiub scrobicuuatub Fr — Under conifers, Sargent Lake 
Lactabiub torminosus Fr — Under conifers, Rock Harbor, also 
reported by Kauffman (15) 

Lactabiub trjvuaib Fr — Reported only by Kauffman (15) 
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Lactakius trivialis Fr var viiudilactis Kauff — Under conifers, 
Lake Eva 

Lactahios vellereus Fr — On ground under conifers, Lake Eva 
Lkntinus lepideus Fr — On coniferous log, Tobin Harbor 
Marasmujs androsaceus Fr — On balsam fir needles and birch 
leaves, Moose Lake and Ryan Island in Siskowit Lake 
*M ar A8M1TJS catjticinaub Fr (Af Umentostpea Pk ) — On conifer 
needles, Tobin Harbor 

Marasmius foetidus Fr — On decaying conifer needles, McCargoe 
Co\e 

•Marasmujs pbrforanb (Hoffm ) Fr — On needles of Picea ap , 
Bat Island 

Marasmiub rotula (Scop ) Fr — On rotten stick, at the outlet of 
Chickenbone Lake 

Mycena haematopoda Fr — On much-decayed, white birch stick, 
Rock Harbor 

Myckna Leaiana Berk — On alder and poplar logs, Rock Harbor, 
and at the head of Tobm Harbor 

Ni CTALifl abterophora Fr — * On old agaric (Ruamla sp ?), at the 
outlet of Chickenbone Lake 

Omphama campaneiaa Fr — On conifer, Rock Harbor and Tobm 
Harbor, also reported by Kauffman (15) 

♦Omphalia subclavata Pk — On rotten log, Rock Harbor 
Paneolus retirugis Fr — On moose dung, at the outlet of Sis- 
kowit Lake 

Panis rudis Fr — On white birch log, McCargoe Cove 
Paxillub atrotomkntosus Fr (?) —Siskowit Bay A single 
specimen was collected and referred to this species although 
the stem is scarcely tomentoae, the spores agree 
Paxuaus involutus Fr — Reported only by Kauffman (15) 
Paxiiaos paxnoides Fr — On log of Picea canadenn* , Chickenbone 
Lake 

Phouota ALBocRENtiEATA Pk — On living white birch tree, Tobin 
Harbor 

Phouota caperata Fr — Under conifers, at the head of Tobin 
Harbor 

Phouota squarrosa Fr —On base of white birch, Siskowit 
Lake Det by A H Smith 

Phouota squarbosoides Pk — On white birch, Siskowit Lake 
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Pleubotus applicatus Batsch — On dead alder, Rock Harbor 
Pleubotus ostreattts (Jacq ) 1 r — Rather common on birch and 
mountain ash, Rock Harbor and Passage Island 
Plicatura faginea (Schrad ) Karst — On dead alder, Benson 
Lake 

Pluteus cervinus Fr — On rotten logs, Tobm Harbor and Moose 
Lake 

Pluteus umbrosus Fr — On rotten log m swamp, McCargoe Cove 
Psalxota abrupti bulba Pk — In mixed woods, Sargent Lake 
Russula aeruginea Fr — Under conifers, Rock Harbor and Lake 
Eva 

Russula amygdaloid es Kauff — In mixed woods, Tobm Harbor 
Russula decolorans Fr — Under spruces, Moose Lake and Tobm 
Harbor 

Russula emetica Fr — In Sphagnum bog, Rock Harbor 
Russula flava Romell — In coniferous w oods, Rock Harbor 
Russula sordida Pk — In dense, mixed woods, at the head of 
Tobm Harbor 

Russula unualis Pk — In mixed woods, Rock Harbor 
Schwophyllum communb Fr — On white birch log, Rock Harbor 
Strophahia UMBONATF8CENS Pk — On moose dung m swamp, Sis- 
kowit Lake 

Trjcholoma butxlans Fr — In bog, under conifers, Rock Harbor, 
also reported by Kauffman (15) 

LYCOPERDALE8 

Rhizopogonaceae 

•Alpova cinnamomeus C W Dodge — Half buncd in the soil in 
mixed woods Tobin Harbor, two collections by C A Brown, 
including Fp 73 type, Rook Harbor — trail from Post Office 
to dock — two collections, one by A H Povah and J L Lowe, 
and one by C A Brown, beside stream forming outlet of Sis- 
kowit Lake, collected by A H Povah The genus and species 
were described from these collections by Dodge (8) 

Lycoperdackae 

Bovista fila B A C — A single collection from grassy place, 
Amygdaloid Island 
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Bovistella pedicbllata Pk — A single collection on soil, Rock 
Harbor 

•Bovistella radicata (Mont ) Pat — A single collection, McCar- 
goe Cove 

Gbabteb coronatus (Schaeff ) 8chr6t — Two collections from dry, 
rocky, grassy places, McCargoc Cove and Mount Franklin 

Lycoperdum atropurpureum Vitt — On rotten log and on ground, 
Rock Harbor, Tobin Harbor, and north of Hay Bay 

•Lycoperdum fuscum Bonord — On soil and on wood, Passage 
Island 

Lycoperdum gemmatum Batsch — On rotten wood and on soil, 
Sargent Lake, Ryan Island in Siskowit Lake, McCargoe Cove, 
Rock Harbor, and Passage Island 

•Lycoperdum marginatum Vitt — On ground under conifers, 
McCargoe Cove 

•Lycoperdum Pbckii Morg — On mossy soil, Rock Harbor 

•Lycoperdum polymorphum Vitt —On rotten log, Chickenbone 
Lake 

Lycoperdum pusillum Batsch — On ground in old burn, Rock 
Harbor 

Lycoperdum pyriformb Schaeff — On rotten wood, Ryan Island 
in Siskowit Lake 

Lycoperdum pyriformb Schaeff var tessbllatum Pers — On 
ground, Tobin Harbor 

Sphaerobolacbae 

Sphaerobolus stellatus Tode — On moose dung, McCargoe 
Cove and Chickenbone Lake 

Hymenogastracbab 

•Gautiera graveolens Vitt — Just under surface of soil, Rock 
Harbor Det by C W Dodge 

FUNGI IMPERFECT! 

•Bothbodiscus pinicola Shear — On dead stems of Abte $ baUamea t 
Rook Harbor and Mott Isiand Det by W W Diehl Plate 
XXII, Figure 4 

•Botrytis uredinioola Pk (?) — • Following rust infection ( Puo * 



Fungt of Isle Royate 153 

ctnia rubigo-vera) on Tkahcirum dasycarpum Fisch Sc Lali , at 
the head of Tobin Harbor 

♦Cebcospora obntianicola E Sc E — On Hdlema deflexa (Sm ) 
Gnesb , Hock Harbor Coll by C A Brown 

Cebcospora Stmplocarfi Fk — On Symplocarpu* foetidu* (L ) 
Nutt, Monument Rock Trail from Tobin Harbor Det by 
E B Mains 

♦Cladosporium epimyces Cke — On pileua of old agaric, Ryan 
Island in Siskowit Lake 

Cladospokiuii hbrbarum (Pers ) Lk — On old Hydnum ennaccus 
(Bull ) Ft , Sumner Lake 

♦Cryptosporium Nbusii Cda (?) — On dead branches of alder, 
Rock Harbor 

♦Didymocladium termatum (Bon ) Saco — On grass, twigs, and 
moss, Tobin Harbor 

•Fosjcladium Cerasi (Rabh ) Saco — On Prunus pennsylvamca, 
Lake Eva Det by E B Mains 

♦Fumcladium kadiobum (Lib) Lindr — On Populus tremuloidee, 
Rock Harbor Det by E B Mains 

♦GnOMBRUtiARiA Cobni Pk — On living leaves of Comus camdenm 
L., Lake Eva Trail from McCargoe Cove 

♦Hbucoma Citrtisii Berk — On bark of Acer sjncatum, at the outlet 
of Siskowit Lake 

Illosporium cabneum Fr — On PcUxgera sp , Rock Harbor 

♦Isaria bbachiata Batsch ex Fr — On old aganc, on conifer log, 
in swamp, Rock Harbor 

♦Macbophoma albipructa (Pk ) Berl Sc Vogl — On dead branch 
of Acer sptcaium , north of Hay Bay 

♦Macbosporit m lbptotrichum Cke Sc EU — On wood of Abie* 
bcdsamea, Dunoan Bay The species was originally described 
from pine and has not hitherto been recorded as occurring on 
balsam fir 

*Macb 08 P 0 RX 0 m Polytrichi Pk — On capsules of Polyinchum *p , 
Rock Harbor 

•Mornnu rcwoicola Ell Sc Barth — On old agaric, at the outlet of 
Siskowit Lake. The specimens have been compared with the 
type collection in the Paiiow Herbarium The latter shows 
branched conidiophorfes, rather than simple conidiophores, as 
stated in the original description (9). 
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*Mycosyrinx Osmundab Pk — On Osmunda regahs L , Forbes 
Lake, Clinton (5) says that this is not a smut A Hyphomy- 
cete (?) 

♦Ovularia dbstructiva (Phil & Plowr ) Massee — On Mynca gale 
L , Monument Rock Trail from Tobin Harbor Coll J L Lowe 
Det by E B Mams 

*Penicillium candidum Lk — On gills of old agaric, Ryan Island 
m Siskowit Lake, on Fomes applanatus , Tobm Harbor and Lake 
Ritohie 

♦Probthemium palmatum Earle — On decorticated arbor vitae, 
Rock Harbor Det by L E Wehmeyer 
*Ramulauia bfpusa Pk — On Vaccmtum pennsylvamcum Lam , 
Rock Harbor Det by E B Mains 
Ramularia Taraxaci Karst — On Taracacum officinale Weber, 
Rock Harbor Det by E B Mams 
♦Sclkrostilbum septentrionale Povah — Among decaying leaves 
beside brook forming the outlet of Chickenbone Lake Coll by 
A H Povah This is the material from which both the genus 
and the species were described (22) 

♦Sbptoria Calypsonis Povah — Parasitic on leaves of Calypso buf- 
bosa (L ) Oakes, Smithwick Island This is the collection from 
which the species was described (l c ) 

Septoria Viola® Westd — On Viola sp , Moose Lake, near Tobin 
Harbor Det by E B Mains 

♦Sphaeronemella Hklvkllae Karst — Parasitic upon HelveUa in- 
fula Schaeff , Wallace Lake This species has been found in 
Manitoba, Alberta, New Hampshire, and Colorado Hone (13) 
reports the spores as umseptate, but Bisby (1) states “ spores 
continuous ” In our specimens the spores are 1-2-guttulate, 
with a few of the biguttulate spores showing a septum There 
is thus in the mature spores a tendency toward a two-celled 
condition 

*Stil8®lla erythrocephala (Dit) Lind —On moose dung in 
swamp, Rock Harbor The spores measure 2-6 X 1 4-3 p 
Stilbella sp — On wood of Abies balsamea, Duncan Bay The 
stalks are 0 4-0 8 mm long and bear spores 3-4 X 1-15/4 
Stysanxjb Berkeley! (Mont ) Saoc — On old Pomes pi mcola, 
Moose Lake 

Tubercolarla vclgabis Tode — On alder, Rock Harbor 
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♦VwmciLLiUM aoaricinum (Lk ) Cda — On Helvetia atra, Chicken* 
bone Lake The specimens are referred to this species, although 
the spores, which measure 22-32 X 4-4 5 /*, are longer than the 
si se given in the onginal description 

Freshman CoLucom* 

Wavne University 
Detroit, Michigan 
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NOTES ON MICHIGAN DESMIDS, WITH 
DESCRIPTIONS OP SOME SPECIES AND 
VARIETIES NEW TO SCIENCE 

GERALD W PRE800TT AND ANGELINA MAGNOTTA 

P APERS dealing with Michigan algae are surprisingly few, es- 
pecially since the state is plentifully supplied with favorable 
algal habitat*. The meagemesa of published reports on the algae 
of this region has been referred to by Nichols and Ackley (12), who 
in 1932 contributed a summarizing list of some 325 species and forms 
of desmlds then known for the state It is significant of the nchnees 
of the desmid flora in Michigan that from only four habitats the 
present authors have identified 46 additional species and forms Some 
of these are heretofore undescnbed species, and many are of special 
interest because they have not been reported previously from this con- 
tinent The total number of desmids known for Michigan is now 371 
Collections examined in this study came, in the main, from Cal- 
houn and Washtenaw counties We are grateful to Dr A M 
Chlokenng for two Interesting samples taken from the Sugar Loaf 
Mountain area in Marquette County These two collections con- 
tained a rich variety of desmids although they were not numerous 
The underlying rock in Marquette County is igneous It is well 
known that an abundant desmid flora frequently is associated with 
this type of formation, and no doubt other collections in the area 
would bear out this in number of individuals as well as in variety 
The collections which were richest, in both number and kind, were 
from Calhoun Lake, which lies a few miles to the northeast of Albion, 
Calhoun County. Interestingly enough the lake was found to have a 
pH of 5 8, although the larger vegetation and other indications were 
such that one would suppose it to be alkaline, especially since other 
lakes in the region are so Thirty or more species of Cosmarium alone 
were counted on one slide made from washings of Chora ip collected 
in thh) lake To date nearly half of the known species of desmids for 
Michigan have been identified from the four habitats indicated 

1ST 
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This paper is a preliminary one, for it is expected that from time 
to time the senior author, at least, will add to the list of Michigan 
desmids and to the distribution data Study of the desmids has 
been facilitated by the senior author’s i conograph, which includes 
some 3,000 entnes 

Gonatozyoon monotaenium De Bary var pilobellum Nordst , 
West and West, British Desmidiaceae , I 31, Kneger, Archiv f 
Ifydrobiol , Suppl 11 158, PI 3, Fig 7 
Width 76/i, length 106 4 cell wall covered with fine, 
spiny projections PI XXVI, Fig 17 Calhoun County New 
for North America 

Pbjnidm kufescens Cleve, West and West, British Desrruduxccae, 
I 09, PI VI, Figs 12-13 

Width 20 0 ft, length 55 0 //, membrane light yellow-brown, 
smooth, slightly constricted, and demarked by newer portion 
PI XXV, tig 12 Marquette County Canada (Lowe) Al- 
though our plant is smaller than the size usually ascribed to 
P rufescens we questionably assign it to this species on the basis 
of coll shape, wall constriction, and the approximation of typical 
coloration 

Pfnium Libelltjla (Focke) Nordst var wtbrmediitm Roy <fe Biss , 
West and West, British De$muitaceae f I 74, PI VII, Fig 11 
Width 24 0 jx, width at poles 10 Q /x, length 111 0 jut PI XXV, 
Fig 8 Marquette County Newfoundland (Cushman) This 
form has relatively broader apices than the typical expression of 
var intermedium , otherwise it is identical 
Penitjm cucurbitwum Biss f majus West A West, British Des* 
midiaceae , I 95, PI IX, Figs 19-20 
Width 44 8 /x, length 113 0 fx, width at constriction 42 0 y, 
PI XXV, Fig 13 Marquette County 
Although even larger than f nuxjus our specimens seem clearly 
to belong to it on account of the cell shape, the ridged chloroplast, 
and the single large pyrenoid in each semicell The typical form 
of P cucurbttmum has been reported from Connecticut, Indiana, 
and Washington 

Penium cucchbitinum Biss f mlnutum Prescott, f nov — Forma 
minima, lat 12 5-13 5 fi, long 28 5-30 0 m PI XXV, Fig 9 
Marquette County 

The plant is only half as large as f minus W & Q 8. West 
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Pmburotaenium noihtlosum (De Brtb ) D© Bary, Borge, Arktv f 
Bot , 19 20, Taf 3, Fig 16-17 

Width at constriction 46 8 , poles 35 2 m , length 507 0 fx PI 
XXVII, Fig 18 Marquette County Kansas, Nebraska, Cuba 
Cosmarium caelatum Ralfa, West and West, British Demidiaccae, 
III 134, PI LXXVI, Figs 5-7 

Width 42 0 m, length 510 ju, isthmus 15 0 fi PI XXV, 
Fig 4 Like the Newfoundland expressions our specimens have 
four very definite vertical senes of slightly larger granules on 
the facial tumor above the isthmus The basal lobes of the semi- 
cells in the plants from northern Michigan show an undulation 
or a retuse margin that gives a slightly different appearance from 
the published drawings of this species Marquette County 
Indiana, Connecticut, New Hampshire, Alaska, Newfoundland 
Cosmarium dbnticulatum Borge (forma) , Borge, Arktv f Bot , 19, 
No 17 29, PI 3, Fig 24 

Length 175 0 m, width 105 3 /*, isthmus 39 0 /u Margin of 
the semicell showing about twenty-two conical, wartlike granules 
on each side and four or five at the truncated apices, with four 
or five series of granules within the lateral margins, two rows 
of granules across the base of the semicell, the granules becoming 
more prominent in the mid-region just above the isthmus, central 
part of the semicell without granules, wall densely punctate, 
chloroplasts two (?) in each semicell PI XXVII, Fig 14 Cal- 
houn County 

Hus species, new for North America, has been previously re- 
ported from Australia, Brasil, and Paraguay Some of our 
specimens have a resemblance to C ovale in shape, and C 
denltcuUUum should be compared with this species In dimen- 
sions our specimens are nearer to C ovale than to C denttculalum 
However, the disposition of the granules and the morphology of 
the chioroplast are in distinct disagreement with C ovale On 
the whole, except for their smaller use, our specimens seem to be 
identical with, or at least closely related to, a form described by 
Btoge (3, p 29, Taf 3, Fig 24) from Brasil In the Brazilian 
plant the wall, as m our specimens, has conical warts rather than 
the spines which characterise the typical form Borge's figure 
shows four rows of granules across the base of the semicell, 
whereas our plant has only two 
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Cosmarium difficile Ltttkem var bublasvs Liltkem , West and 
West, Brtitsh Destmdtaceae, III 97, PI LXXXIII, Figs 4-5 
Width 24 0 **> length 39 0 p t isthmus 5 5 p PI XXVII, 
Figs 3-9 Marquette County Our plants show a variation in 
the disposition of the ecrobiculatlons, but otherwise they conform 
with LiltkemUiler's variety PI XXVII, Fig 9, shows an abnor- 
mal plant with three semicells and two isthmi 

Cosmakium Hammebi Reinach var pbotubbrans West & West, 
Trans Linn Soc Bot , Ser 2, 5 246, PI 14, Fig 35 
Width 22 0 p, length 300 p, isthmus 6 0 p PI XXVII, 
Fig 19 Calhoun County Previously reported for North Amer- 
ica by W and G 8 West, Wolle, and Prescott (14) Prescott 
lists it for Iowa. 

Cosmarium nobimb ergbns £) Rainsch f depkessum West & West, 
West and West, Bratsk Desmtduxceae, III 53, PI LXIX, Figs 
28-29 

Width equal to length, 15 6 p X 15 6 p PI XXVI, Fig 6 
Marquette County The species is new for North America 
It is interesting to note that f deprewum has been recorded 
previously from the tropics only 

Cosmarium pucatum Reinsch, West and West, British Demt- 
diaceae, III 60, PI LXX, Figs 9-10 
Width 380 m, length 620 p, isthmus 20 0 p Pi XXVII, 
Fig 1 Calhoun County New for North America 
Slightly larger than recorded by W and G 8 West, with a 
wall punctated as in f meg us Reinsch However, our specimens 
are nearer the typical in shape of semicell 

Cosmarium PoHTiANUif Arch. (forma) 

Width 35 0 p, length 41 0 Mr isthmus 150 p PI XXVII, 
Fig 10 The typical form is widely distributed in North America 
and has been reported by Nichols and Ackley (12) from Mich- 
igan. 

Our specimens show a great similarity to C pseudobroomei 
Wolle, especially in face view. The granulation and the charao 
teristics of the sinus are more like C Porhanum than the former 
species. 

Cosmarium pyramidatum De Br4b var angustatum West <fc West, 
West and West, British Dwnidtaceae, ll- 200, PI LXIV, fig & 
Width 54 6 p, length 936 p, isthmus 180 p This variety, 
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as represented in our collections, is not constant in site and form 
of margin It may have the margin nearly undulated (PI XXV, 
Fig 17) Ihis characteristic strongly suggests Borge'e f mxnua 
(3, Taf 2, Fig 3) Calhoun and Marquette counties New for 
North America 

Cosmarium quinakium Lund, West and West, British Desmidio- 
ccae, III 216, PI LXXXV, Figs 9-10 
Width 33-35 0 /*, length 36-39 0 ju, isthmus 9-10 0 /* PI 
XXV, Fig 3, PI XXVII, Figs 4-6 Marquette County 
We have noticed variation in the granulation of this species, 
particularly in the arrangement of granules on the face of the 
semicell A common form from northern Michigan that we 
questionably assign to this species (PI XXVII, Figs 4-6) 
shows a single, somewhat larger granule just above the isthmus 
Some specimens of this plant suggest C polontcum Ramb var 
intermedium Qutw , Spramezd Kom Fxzyogr , XXX 96, Tab 
III, Fig 30 Others suggest C occidentals Turn var intermedium 
Gutw (op at t p 91, Tab III, Fig 22) The typical form of 
the species has been found m Calhoun County, Michigan, Maine, 
Massachusetts, New Hampshire, Wisconsin, and Newfoundland 
(Taylor) 

Cosmauium Rbgnblui Wille f basigranulatum Magnotta, f nov — 
Margmes infenores semicellulae apertc divergentes, margines 
superiors maxima retime, apice truncato efc retuso, anguh 
infenores semicellulae parvis granulis instructi aut tuberculati 
cum granulo iuxta at intra marginem angulorum basaiium, speci- 
men a vertioe visum anguste ovatum sed tumidura m regione 
media, lat X4— 16 0 m» long 18-22 0 m, isthm 4 0/* PI XXVII, 
Fig 7 Calhoun County 

This form seems unquestionably to belong to C Regnelln and 
is placed here on the strength of the forms described by Borge 
in Sj&n Tdkema Fauna och Flora , 4 16, Taf 1, Fig 15-16 
Except for the tubercular thickenings at the angles our form 
agrees very closely with Borge's figure 16-a m , Taf 1 It should 
be compared with C umbtltcatum Liltkem , from which it differs 
in the main by the absence of an undulation in the upper lateral 
margins of the semioells, 

ComAAWH bvbqvcxjwa Schmidle (forma) 

Width 41,8 length 703 /*; isthmus 19,0 /* Wall finely 
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and densely punctate PI XXVII, Fig 3 Marquette County 
Typical form widely distributed in North America 
Cosmakium subtumidum Nordst var Klebsii (Gutw) West A 
West, West and West, British Demuhaceae , II 103, PI LXIII, 
Figs 21-23 

Width 28 0 n, length 38 5 m, isthmus 70 m PI XXVII, 
Fig 2 Calhoun County Previously recorded for North America 
only from New York, by Burkholder (5) 

Cosmakium taxichondrum Lund var unigranulatum Prescott, var 
nov — Vanetas magna, magno granulo smgulo supra et iuxta 
isthmum, semicellulae a latere visae circulares, granulo utro- 
bique ad basim praeditae, a vertioe visae ellipticae, membranum 
punctatum Lat 45 0-46 8 M; long 53 0 54 3 Mi isthm 17 0- 
17 5 m PI XXV, Figs 5-6 

This form has the shape of the typical form as described by 
Lundeli It is slightly larger, and the margins in the lower part 
of the semicell are perhaps more nearly parallel than m the type 
The lack of the two rows of granules on the face of the semiceli 
separates this new variety from the known varieties of the 
species 

Cosmakium tetragon um (Naeg) Arch var Lundellk Cooke f 
Schmidlki Gutw , Kom Ftzyjog Akad Umtej Krakow, 32 142 

Width 25 4 m, length 46 8 m, isthmus 78 m PI XXV, 
Figs 1-2 

The variety has been reported from New York by Johnson 
(0), but the forma Schmtdlet has not been previously reported 
from this country It is apparently rare m North America, but 
we have one collection which contains a rather large number of 
specimens A characteristic of the plant that we Have noted and 
one that has not been mentioned or shown in published figures 
is the presenoe of mucilage pores in the upper lateral protuberances 
as seen m face view There is a similar pore that shows in the 
wall in the same region when the cell is seen in side view Mar* 
quette County 

CosMocLAnruM pusillum Hilse, West and West, Bnitsh Demtdio 
ce or, V 201, PI CLVIU, Figs 8-10 

Width 10-12 0 m» length 10-120 m» isthmus 20 M5 colonies 
small PI XXV, Fig 10 Calhoun County New for North 
America 
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Coamocladium tuberculatum Prescott, Bp nov — Cosmocladium 
mediocre, profunde oonstnetum, emu anguBto-Iinean, senucellulae 
oblongae sed a fronte visae subremformes, apic© lcviter truncato, 
a vertice visae oblongo-elhpticae, cum inflation© mediana tuber- 
cular! utrobique, a latere visae semicellulae subcirculares tumore 
mediano utrobique, cellulae in coloma paucae et in filo irregu- 
lariter ramoao et mucoso positae Lat 11 5-12 0 m, long 14 5 - 
15 0 ix, crass 9 0 m PI XXV, Fig 11 Calhoun County 
This form should be compared with C tumidum Johnson (9, 
p 296, Fig 23), from which it differs in the shape of the senn- 
cell and in the larger dimensions throughout C tumidum is 
described as having semicells hexagonal-elliptic, width 8 0 p, 
length 9 0 m 

Xanthidxum antilopaeum (De Br6b ) Kuetz var polvmazum 
Nordst , West and West, British Dcmndiaccae, IV 67, PI 
CVIII, Fig 19 

Width 53 2 M# length 57 0 m, isthmus 14 0 m PI aXVII, 
Fig 17 Calhoun County Widely distributed in North America 
Xanthidxum Tvlrrianum W West, Joum Roy Microsc Soc , 17 
19, PI 2, Figs 1-4, PI 3, Fig 14 1889 (Y anhlopaeum 
truncatum Hastings ) 

Width 62 4 m> length 66 3 m Not figured Marquette County 
Connecticut, Maine, New Hampshire, New York 
Staurastrum ARisTiFERtTM Ralfs, West and West, British Des- 
midiaceae, V 22, PI CXXXII, Figs 10-11 
Width 26 6 Mi length 38 0 m» isthmus 65 m PI XXVI, 
Fig 20 Calhoun County Newfoundland (Cushman) 
Staurastrum Dickiei Haifa var circulare Turner, West and 
West, British Demtdwceae, V 5, PI CXXIX, Fig 16 
Width 38 0 m without spines, 410 m with spines, length 42 0 m 
PI XXVI, Figs 11-12 Calhoun County Connecticut, New 
York, Washington, Canada, 

Our figure is drawn at an angle that makes the sinus appear 
narrower than typical 
Staurastrum maambnse Arch (forma) 

Width 33 0 m* length 40 0 m» isthmus 100 m Semicell in 
face view showing a series of verruca© within the margin, in 
vertical view triangular, the pairs of verrucae at the base of the 
arms so arranged as to form a circle around the smooth central 
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portion (This circular arrangement of the verrucae appears in 
Lundell's type drawing of St pseudocrenatum , but not in Archer's 
figure of Si maamense) PI XXVI, Figs 14*15 Calhoun 
County The typical form is reported from California, Connecti- 
cut, and Minnesota 

Lundell's figure shows three verrucae at the base of the arm 
rather than two (vertical view) We have found specimens that 
show a tendency toward verrucae arranged in three's, but in the 
series at the apex of the lobes rather than at the base 
Statjeastkum uaamgksb Arch f atypicum Magnotta, f nov — 
Forma major, aemicelluiae a fronte visae anguhs basalibus spina 
crassa et recta instructs, a vertioe visae triangulares, angulis 
rotundatis sed spina crassa prope apices, Lat 40 0*41 6 m* tong 
37 6*386 Mi isthm 13 6 m PI XXVI, Figs 7*8 Calhoun 
County 

The spine on this form appears to be an extension of the com- 
plex verruca at the apex of the Jobes of the semicell 
STAtTBASTRUM aioimcuujsuai De Br^b , West and West, British 
Desmtdtaceae, V 183, PI CLIV, Fig 8 
Width 39 8 m, length 42 0 Mi isthmus 16 5 m PI XXVI, 
Fig 6 Marquette County New for North America 
Staueabteum sEXcosTATUM De Br4b var pboductum W West, 
West and West, Bnttah Demtdiaceae, V 148, PI CL, Fig 16 
Width 420 m, length 42 0 m, isthmus 16 0 m PI XXVII, 
Fig 13 Marquette County New for North America 
Staitrastritm soBoaBicuLARK West <fc West, West and West, 
Bnttsh Demtdxaceae, IV 159, PI CXXV, Figs 3*5 
Width 34 2 Mi len gth 38 0 m, isthmus 76 m PI XXVI, 
Figs 9*10 Calhoun County New for North America 
Btaurabthum tumidum De Br6b , West and West, British Deamt- 
dtoceoe, IV 142, PI CXXII, Figs 1-5 
Somewhat smaller than the typical, width 78 0 m* length 
97.5 M» isthmus 450 m PI XXVI, Figs 3-4 Marquette 
County Maine, Massachusetts, Pennsylvania 
Euastrum Chiekeringii Prescott, sp nov — Euastrum mediocre, 
4-plo longius quam latius, mediocriter const rictum, sinu linear!, 
levissime dilatum ad apices, semioellulae trilobae, iobis lateral!- 
bus ooncavatis ad margmem, lobo polar! paidulo exteoao, mar- 
ginibus subrectis ad apioem dilatum; iadsura apical! lata et non 
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profunda, setniceilulae magno turn ore mediano, tumoribus mi- 
nonbus tuxta et mtra marginem lobuiorum loborum basalium, 
a latere viaae quadrato-oblongae apice truncato et angular! cum 
magna inflation© medlana utrobique et tumoribua minoribua infra 
hos et ad basim semicellulae Lat 13 8-15 0 m, long 36 0-27 0 m, 
erase 11 6-120 m, wthm 4 5-5 4 m PI XXV, Figs 15-16 
Marquette County 

This plant should be compared with E comvbiense W & 
G 8 West, British Desmuhaceae, II 70, PI XL, Fig 8 Our 
specimens have a more extended apical lobe and the side view 
is quite different in appearance 

Euabtrum crabsum (De Br6b ) Kuets var michiganense Prescott, 
var nov — Varietas mediocrls, margirubus laterahbus vaide m- 
curvatis, mcisuns altis at angustie ad utraque iatera loborum 
apicalium, semioellula cum smgulo maximo tumore mediano 
supra et iuxta isthmian, semioellula a latere visa pyramidata, 
apice truncato, superiore lobo lateraii emarginato ut m forma 
typica, membrana scrobioulata cum scrobiculis magma Lat 
87 0-89 7 p, long 156 0-159 5 isthm 23 0-25 5 jx Pi XXVI, 
Figs 1-2 Marquette County 

In one collection many specimens were seen (frequently empty 
cells), so that the cell wall characters which separate this plant 
from the typical one were fully studied On the whole it presents 
a somewhat stouter appearance than do the typical forms 

Euabtrum crassum (De Br4b ) Kuets var scrobicuuatum Lund , 
West and West, BrttwA Demtdtaceae , II 7, PI XXXIII, Figs 
7*8 

Width 89 7 p, length 159 5 ju, isthmus 25 5 p, semi cell with 
four scrobiculationa m the central area, arranged to form an in- 
verted V PI XXVI, Fig 18 Calhoun County New Jersey, 
Newfoundland, Cuba 

TnrStBMORUs Bbebissonii (Menegh ) Ralfs f minutua Magnotta, 
f nov 

F parva, lat* 240 ja f long 900 m* Pi XXVII, Fig 12 

Calhoun County* 

MitfusTSftius awouuata (Ehrenb ) Menegh var brachyptrra 
(L und ) West & West, West and West, British Demuliaceae, 
tt 101, H XLV1I, Figs 6-7 

Width 1460 Mi length 205,2 m# isthmus 304 m. polar lobe 
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79 8 M wide PI XXV, Fig 18 Calhoun County Previously 
reported from Minnesota only 
Our specimens are stouter than the form usually figured 
Micrastfriab cbbnata De Br£b , West and West, British Des- 
mvdtaceae , II 85, PI XLII, Figs 10* 13 
Width 78 0 m» length 89 7 cell wall punctate, usually 
described as smooth PI XXV, Fig 14 Calhoun County 
Widely distributed m North America, although reported as rare 
in Great Britain The stouter polar lobe with convex apex and 
the rounded angles of the lobules assist m identifying our speci- 
mens with M crenata The Michigan plants resemble variations 
of M truncata , a similarity that has been frequently noted else- 
where 

Mic haste hi as Jenneri Half s, West and West, British Desmidtaceae, 
II 86, PI XLII, Fig 14, PI XLIII, Figs 1-2 
Width 109 2 ju, length 156 0 ju, isthmus 23 4 p PI XXV, 
Fig 19 Rarely found in our samples and reported but a few 
times for North Arfienca Marquette County Maine, Massa- 
chusetts (Prescott), Newfoundland (Taylor) 

Mich ASTER i as latickpr Nordst var cram Prescott, var nov — 
V&netas mediocns saepiua longior quam latior, apice loborum 
apicalium magis convexato quam in typo et procesdbus loborum 
apicahum verticaliter lationbus, apicibus acuieatis, latis lobis 
basalibus crassionbus quam in forma typica, sinu angusto subito 
aperiente ad extremum, membrana cellulae dense sed minute 
punctata Lat 1110 117 8 /*, long 1216-1250 wthm 
19 0 m PI XXV, Fig 7 Calhoun and Washtenaw counties 
The plants of var crassa present a much more compact and 
stouter appearance than those of the typical form 
Micbastkkias mahabuleshwarensis Hobson, Quart* Joum Afi- 
crosc Set , 1863 168 

Width 132 0 ju, length 148 0 m, isthmus 19 0 m PI* XXVI, 
Fig 19 Calhoun and Washtenaw counties 
Originally described as subtropical, this plant has a wide dis- 
tribution m the United 8tates, although it is rare in the British 
Isles 

Micsabterias mahabuleshwarensis Hobson ! oichotoma O M 
Smith, Trans Wts Acad Set , Arts and Letters, 20 345, PL 9, 
Figs 12-14 1922 
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Width 115 0 Mi length 160 0 m, isthmus 22 0 m PI XXVI, 
Fig 16 Calhoun County Previously reported for Canada 
This is one of the forms of the species which does not appear to 
be very constant We have one sample containing very many 
plants that show all manner of intergradtng variants between the 
typical form and the form described by Smith (l c ) Some 
specimens show one semicell with the lobules and the other 
with none 

Micrasterias mahabuleshwarensis Hobson var serrulata 
(Wolle) G M Smith, Roosevelt Wild Life Bull, 2, No 2 138, 
PI XVI, Fig 2 

Dimensions of the typical form, but lacking the processes at 
the apex of the polar lobe PI XXVI, Fig 18 Calhoun County 
Minnesota, New Hampshire 

Micrastkhias radiosa Ralfs var ornata Nordst , Smith, Wu 
Geol Nat Hist Surv Bull , 57, Part II 47, PI 60, Figs 3 4 
Somewhat smaller than usually recorded, width 203 3 m, 
length 212 8 Mi isthmus 17 2 m PI XXVII, tig 11 Calhoun 
County Previously recorded for Wisconsin 

Desmidium coarctatum Nordst var cambricum W West, West 
and West, British Desmidiaceae, V 252, PI GLXV, Figs 3-4 
Width 44 0 m, length 24 0 m, width of apex 16-24 0 m PI 
XXVII, Fig 16 Calhoun County Previously reported from 
Mississippi (Brown, 4) 

Hyalothkca undulata Nordst , West and West, British Deft- 
mtdtaeeae, V 239, PI CLXII, Figs 9 
Width 6 0 Mi length 13 3 Mi isthmus 4 6 Mi cell wall with a 
double row of pores around each semicell PI XXVII, Fig 15 
Calhoun County Connecticut, Indiana, New Jersey, New York, 
Pennsylvania. Described as rare in the British Isles The rows 
of pores are not shown in figures published m American literature 

Albion Colueob 
Albion, Michigan 
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EXPLANATION OF PLATE XXV 

1-2 Cosmarxum tetragonum (Naeg ) Arch var LundeUn Cooke f SchmuUet 
Gutw Fig 1, X 480, Fig 2, X 352 

3 Cosmanum quinanum Lund , X 480 

4 Cotmanum caelalum Ralfs, X 480 

5-6 Cotmanum taxtchondrum Lund var unigranulatum Prescott, var nov 
Fig 5, X 480, Fig 6, X 450 

7 Mtcrastsnas iatxceps Nordst var crassa Prescott, var nov , X 264 

8 Penxum Libellula (Focke) Nordst var intermedium Roy A Biss , X 480 

9 Pentum cucurbttinum Biss f minutum Prescott, t nov , X 480 

10 Coemodadium pusiUum Hilse, X 480 

11 Coemodadium tuberculatum Prescott, sp nov , X 480 

12 Penxum rufescen* Cleve, X 352 

13 Penxum cucurbttinum Biss f majus West A West, X 352 

14 Mxcraeterias crenata IX Br4b , X 360 

15-10 Buastrum Chtckenngn Prescott, sp nov , X 480 

17 Cotmanum pyramxdatum De Br6b var a ngustatum West A West, X 480 

18 Micros terms ajnculata (Ehrenb ) Menegh var brachyptera (Lund ) West 
A West, X 204 

19 Micrastenas Jennen Ralfs, X 852 
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X 20 1 

17 (hnutnzygim monnUttmum lX Baiv vat pxUmUum Nordnt X 480 

18 Ahcraitnia* mtihttbuteditmrfimx Hobnon \ur stmthia (Vloth) (i M 
Smith X 204 

19 MicrmUrum mahnbuU »ku art n»t& Ilobnon X 204 

20 ^laurnxtruin artutifrrum Rnlfh X 180 






EXPLANATION <>1< PLATK AW II 

1 C tutrnanuin plicafuvi R< ms<*h X 450 

2 ( os mar i urn sublutntdum \urdsfc v/u hlebnu ((mtw ) Wit»t A Went X WO 

3 C otmanum Hubcucumn Schmidli (forma) X 440 
4 6 ( onmanum qwmnum I uml (forma) X <>00 

7 ( asmanum Hegnelln Willi f bungrunulaium MftgmitU i am X *>00 
B difficile 1 litke ni var suMom* I Otkim , X HO 

0 ( osmurium (hfhnle t tttki in vm vublaevt: I ut ki m abnormal coll X 440 

10 l osmanum Pvrhanum Arch (forma) X HO 

11 Vtfmtdma* radiom Haifa var omnia Noidat X W0 

12 fetmcmorus Brebifutomi (Mi ncgh ) Rnlfn f mmuhi* Magnolia f nov 
v HO 

12 Sb»uru*f/im flcawsfolitm De Brfh var product um W Wist x 000 

14 C<t*ntartum divhculatuin Horgi (foima) X 410 

15 Ihfttlathtcn undulnta \ouint , X 000 

10 Ihstmth urn coarctatum Nonfat vnr cambncum W Wi at X 000 
17 \anthidtum ttn'iloptu um (Do Bi^b ) Kuitr var fmh/mazuw Nordst X fiOO 
IS PUurotacnium noduhwum (Dt Brfb) Dt Bur> , 1 X 220, By 1 >0 
19 Cun mar mm Ham mm Rimxch var protuberant Wiat A Wist, X 140 





UNUSUAL AGARICS FROM MICHIGAN II* 

ALEXANDER H SMITH 

I N THE following account a total of twenty-nine species of agarics 
are discussed Twenty-seven of these have apparently not been 
previously recorded as occurring in Michigan 

The majority of the collections were made by the writer while 
collecting with Professor E B Mains in the vicinity of Ann Arbor, 
in the region around Harbor Springs, and in the Northern Peninsula 
dunng the season of 1933 Several species which were collected by 
the writer in 1929 and determined by the late Professor C H 
Kauffman, but which have not previously been reported, are also in- 
cluded in this paper The collection numbers and the photographs 
are those of the writer unless otherwise stated The collections are 
m the Herbarium of the University of Michigan Thanks are due 
to Professor Mams for helpful suggestions and criticism during the 
preparation of the manuscript 

Bolbittos gloioc v an uus Atk — Singly on sticks m a swampy area, 
Ann Arbor, Oct 5, 1923 (32-528) Pileus 17 mm broad, convex, 
glabrous, viscid, evenly 11 olive-green” 1 at first, becoming “San- 
ford's brown” when faded, margin slightly striate, lamellae 
crowded, narrow, adnate, soft, edge white-fimbnate, “jade green” 
becoming brown from the spores, stipe hollow, 3 cm X 2 mm , 
white-furfuraceous over all, yellowish green beneath, spores 
9-10 5 x 5-55 ix t basidia four-spored, 20-22 X 7-8 p, cystidia 
lacking on the sides, present on the edge, 30-45 X 6-11 M, some- 
what vefttnoose but becoming nearly cylindrical, apices narrowed 
but obtuse, pileus corticated by a layer of inflated pedicellate 
cells 20-30 X 10-20 m in diameter 
The stipe appeared to have a narrow subgelatmous peripheral 
region, but did not seem to be viscid when fresh In this respect, 

* Papers from the Department of Botany and the Herbarium of the Univer- 
sity of No 475 

1 All color names in quotation marks are taken from R Ridgway, Color 
Standards and Color NmenclcUur*, Washington, D 0 , 1912 
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in the white-furfuraoeous covering, and in the paler colon the 
writer's specimen differs from that of Atkinson's description The 
gluten on the pileus, however, is copious and may drip down along 
the stipe The consistency of the pileus is characteristic of the 
genus Bolbitius, and the stnking color change clearly allies the 
Michigan collection with Atkinson's species The change in color 
is very similar to that observed in Hygrophoru$ psittaanus, but 
the color in age is bright brown instead of yellow, and the green 
of the young pilei is not so bright 

Cutoctbbj conn at a (Sohum ) Bres — Cespitose on leaves and 
debris, near Dexter, Oct 5, 1933 (33-1098). Spores 6-8 X 3 n, 
basidia four-spored, 26-28 X 4-6 /i, with clamp connections at 
their bases, pileus trama homogeneous, differentiated stenle cells 
and cystldia absent 

COLLYBIA KXSCULPTA Ft VST R17BE3CENTI FOLIA Pk — GregarfoUS 

on oak debris, Pinckney, Sept 15, 1932 (32-440) Pileus 8-15 
mm broad, convex or slightly depressed at first, beooming more 
deeply depressed in age, margin remaining decurved, surface sub- 
hygrophanous, glabrous, “ haematite red" when fresh, fading 
gradually to a pale yellowish gray in age, lamellae close, narrow, 
“haematite red" on the margins, greenish yellow below, adnate 
to slightly deourrent, equal, stipe 1-2 cm X 1-2 mm , greenish 
yellow above, vlnaceous-yeliow below, tubular, cartilaginous, 
fibnlloee with yellowish fibrils, slightly bulbous, base covered by 
a yellowish mycelium, spores 4-4 5 X 2 5-3 hymenium with * 
numerous colored basidium-like bodies 
Coker and Beardslee (6) report this variety from North Caro- 
lina The “haematite red" color was characteristic of our sped* 
mens When dried both the species and the variety have much 
the same colors and it is quite possible that the variety is merely 
a dry-weather form Small specimens might be placed in Om* 
phalia because of the broadly adnate or slightly decurrent gills 
Rea (10) places the species in M&rasmius. 

Cobtinarius croceofolius Peck — On sphagnum in a bog, Michi- 
gamme, Sept 11, 1933 (38-945) The lamellae were “xanthine 
orange" in the young piled, spores 6-7 X 3 5-4 5 m 

Cobtinarius subcjnhamomeus Cld (PI XXVIII) —Scattered on 
sphagnum in bog*, Marquette, Sept 4, 1933 (33-887), Sept 10, 
1933 (33-927), Sept 12, 1933 (33-94?), Sept 15, 1933 (83-981), 
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and at Whitmore Lake, Sept 26, 1933 (33-1008) Pileus 2-6 5 
cm broad, comc-campanulate to plane, “Dresden brown" when 
young, near “Mars brown" in age, innately fibrillose to fibrilloee- 
ecaly, dry, lamellae close, broad, near “sulphur yellow” when 
young, becoming bright “Kaiser brown” to “ferruginous” before 
the spores mature, adnate or shallowly adnexed, stipe 8-15 cm X 
3-10 mm , yellowish above, tawny below, evenly fibrillose, spores 
3-10 X 6-6 m in the Marquette collections, 9-11 6 X 4-6 p in 
coll 33-1008, nearly smooth, baaidia 38-40 X 6^8 n, no dif- 
ferentiated sterile elements seen, odor and taste not distinct or 
faintly resembling that of radish 
As Cleland (5) has pointed out, the large spores distinguish 
this species from C cmnamomew The writer has collected the 
latter frequently in the same locality from which No 33-1008 
was obtained In addition to the difference in spore size, the 
pileus of C svbcinnamomeus tends to become quite scaly and its 
stature is more robust than that of € cinnamomeus 

CoRTiNAurus TRitTKPHANa Fr — On humus under hemlock, Wagner's 
Palls, Munlsing, Sept 7, 1933 (33-1150) Apparently this charac- 
teristically northern species has not been previously reported for 
Michigan 

Entoloka otaneom Pk (PI XXIX) —Collected at Wilderness 
State Park, June 7, 1932 A rather large form, found by Professor 
Mains and the wnter, was growing gregariously under balsam on 
a sandy ndge, and the following description was made from the 
fresh specimens pileus 4-10 6 cm broad, obtusely conical at 
first, then exp&nded-plane or rather sharply umbonate, surface 
appresflod-fibnilose, becoming subscaly in age, “pale lavender 
violet” to “mauvette ” when fresh but soon fading to “ vinaceoua- 
Ulac” and finally “pallid Quaker drab” and unioolorous, margin 
even and not striate, usually rather abruptly decurved, flesh 
about 3 mm thick near the stipe and 1 mm near the margin, 
tapering gradually, lamellae close, broad (5-12 mm ), somewhat 
ventricose, attached by a de current tooth only, odge eroded, 
pale grayish or whitish at first, becoming dull flesh color from 
the spores, stipe 8-12 cm X 8-12 mm , equal or tapenng slightly, 
hollow, beautifully longitudinally fibrous-striate to apex, fur- 
furaeeous above, concoloroua with pileus and fading with it, 
In age becoming nearly white, spores 8-10 X 5~7 5 ju, ellipsoid, 
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the angles not prominent, basidia four-spored, cystidia none seen 
on sides, on edge inflated or ventncose with a narrow neck and 
pedicel, 30-40 X 12-18 p 

This fungus has the stature of a medium-sized Tncholoma, 
only the smaller specimens approach Leptonia Peck's collection 
from Shandaken and Worcester, the only one found at Albany, 
and probably the type, agrees with the fungus described above, 
but the fungus described by Kauffman as E cyanenm in The 
Agantaceae of Michigan, p 551, differs markedly in the colors 
and the solid stem 

Entoloma GHisfcoeYANEtJM Fr var roseum Maire — On humus in 
open woods, Pinckney, Sept 30, 1933 (33-1063) Pileus 3-4 cm 
broad, plane with a slight umbo, surface dry, innately fibnlloee- 
scaly, disk merely fibnllose, evenly colored, near “vinaeeoua- 
brown,” “vinaceous-gray” beneath the rosy scales, not striate, 
lamellae “onion-skin pink,” close, adnexed, thickish, narrow to 
moderately broad, edge eroded, stipe 6-8 cm X 6-10 mm , en- 
larged evenly toward the base, apex covered by & vmaceous 
scurfy covering, paler when glabrous, pallid gray beiow, longi- 
tudinally stnate, solid, spores angular tuberculate, 8-JO X 4-5 /u, 
ellipsoid, basidia 30-32 X 8-10 /i, four-spored, sterile elemente 
none 

This fungus seems to be very rare in North Amenca, but 
possibly it has been confused with E cyaneum Pk 

Flammula astkagalina Fr — On decayed coniferous wood, Emer- 
son, Aug 25, 1933, coll E B Mams (33-750) Spores 5-7 X 
3 5-4 p, cystidia scattered, 40-45 X 8-12 fusoid-ventrioose, 
apex obtuse or tapering rather sharply, sterile ceils similar to 
cystidia or shorter and more inflated, gill trama composed of a 
wide central strand of interwoven hyphae bordered on each side 
by a narrow band of parallel hyphae, pileus trama fllamentose, 
surface covered by a thin gelatinous pellicle 

The brightly colored pile! and the gills, which are yellowish 
when young, serve to distinguish the species macroscopioally 
Bresadola (4) illustrates it very well His spore measurements, 
however, are slightly larger (7-9 X 3 5-4 m) than those usually 
given for the species Kauffman collected this species in Wash- 
ington, Oregon, and Montana The spores of the Oregon collec- 
tion (Mt Hood, 1922) measure 6-8 X 3 5*4 m Cystidia similar 
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to those of the Michigan collection were found in specimens from 
Lake Quiniault, Washington, collected by Kauffman, Oct 20, 
1925 

Galbrula cbrina (Brea ) Atk — On mossy beeoh logs north of 
Newberry, near the Superior State Forest, Aug 28, 1933 (33- 
781) 

Galkrola coniferarum Murrill (PI XXX, Fig 3) — On moss on 
a hummock in a larch bog, Pinckney, Sept 25, 1933 The distant 
gills separate this species from other small members of the group 
spores 7-8 X 4 5-5 pileus homogeneous, stenle cells fusoid- 
ventncose (33-40 X 6-9 /i), cystidia lacking on the sides of the 
lamellae 

Galjerula MURicELLOBPORA Atk — On mosey logs, Superior State 
Forest, Aug 28, 1933 (33-782), Marquette, Sept 12, 1933 (33- 
952) Spores 10-12 5 (13 5) X 6-7 p, minutely roughened, cys- 
tidia and sterile cells numerous, 60-70 X 10-12 p, pileus trama 
homogeneous 

Galerula paludou (Fr ), comb nov —On humus, swampy area, 
Wagner's Falls, Munising, Sept 7, 1933 (33-897) This is the 
form illustrated by Fries (loon T 129, f 3) Pileus trama 
composed of interwoven hyphae, surface covered by a thin, 
differentiated gelatinous pelhcle, spores 8-10 X 4 p, basidia 
26-28 X 5-6 m (two- and four-spored) , stenle cells 30-35 X 6-9 ju> 
fusdd-ventriooee, cyBtidia lacking on the sides of thegills, lamel- 
lae moderately broad, and broadly adn&te as illustrated by Fries 

Galjbhula pistilucystis Atk — On moss near a stream, Mumang, 
Sept 7, 1933 (33-905) Spores 8-10 X 4-4 5 m, basidia two- or 
four-spored, pileus trama homogeneous, lamellae distant to sub- 
distant, sterile cells slightly inflated at the base, elongated, with 
capitate apioes The writer's collection differed from Atkinson's 
description in its white stipe Galerula hemtsphenca has a white 
stipe and spores which measure 8-9 X 4-5 p, but it has a different 
type of sterile cell, as well aa subcrowded lamellae 

GaLsrula sulcatipes (Fk ) Murr Smgly on black muck in a 
swamp, Pinckney, July 25, 1933 (33-629), on rotting wood, 
Am Arbor, Sept 23, 1933 (33-1006) Pileus 12-15 mm broad, 
broadly conical, "mummy brown" to "cinnamon-brown" darker 
on disk, fading to ochraoeoua-buff, glabrous, hygrophanous, 
peUucM-etrlate to the disk, somewhat sulcate in age, very 
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fragile , lamellae narrow to ventncose, subdistant, narrowly ad- 
nate, edge slightly fimbriate at times* cinnamon-brown at matu- 
rity* stipe 4 cm X 1 5 mm , pale ochraceous-buff to white from 
the whitish pruinose-fibnllose covering* longitudinally striate, 
hollow, fragile, spores 7-9 X 4-5 n, subellipsoid, smooth, cys- 
tidia on the edge of the gills fusoid-ventncose with obtuse apices, 
26-45 X 7-12 lacking on the sides, basidia 22-25 X 6-8 /u, 
four-spored, pileus corticated by a layer of inflated, pedicellate 
cells 

The corticated pileus, fusoid-ventncose sterile cells, small 
spores, lack of cystidia on the sides of the gills, dark brown 
pileus, and stnate and white stipe distinguish the species 

GAUcRunA TiBncvsTia Atk (PI XXX, Fig 1) —On sphagnum, 
Mud Lake Bog, Whitmore Lake, Aug 25, 1929, coll A H Smith, 
determined by C H Kauffman , Mud Lake Bog, Whitmore Lake, 
Oct 8, 1933 (33-1101), near the Yellow Dog River, Marquette, 
Sept 9, 1933 (33-913), Michigamme, Sept 11, 1933 (33 941 and 
33-942 coll E B Mams) The photograph and the following 
description uere made from collection 33-1101 pileus convex, 
8-15 mm broad, glabrous, lubricous, “Sanford’s brown” to 
“chestnut,” becoming “ochraeeous-tawny” before fading, pale 
“ochraceous-buff” when faded, margin straight, veil rudimentary 
but leaving a fringe on the margin for a short time after breaking, 
lamellae broad, adnate, subdecurrent at times, broadest at base 
(3-4 mm ), tapenng to edge, brown when young, cinnamon-brown 
m age, margin white floccose, subdistant, stipe 2-6 cm X 2-3 
mm pale ochraceous, at first covered by sparse fibrils, soon 
glabrous, pruinose above, equal, fragile, hollow, base slightly 
bulbose, pileus trama homogeneous, cystidia lacking, sterile 
cells 40-50 X 9-12 base slightly enlarged, apex subcapit&te, 
spores 10-12 X 7-8 /i, almond-shaped, outer wall appearing 
wrinkled 

Hkbkloma euatum Fr (PI XXXI) —Scattered on sphagnum, 
Mud Lake Bog, Whitmore Lake, Aug 19, 1929, coll A H Smith, 
determined by C H Kauffman, same locality, Oct 14, 1933 
(33-1129) Pileus 3-5 cm broad, broadly convex^ slightly uxn- 
bonate or expanded-plane to repand, “fawn color” at first, at 
length “pinkish cinnamon,” margin paler, viscid, pellicle sepa- 
rable, margin even, flesh white, thin on the margin, thick on the 
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disk, lamellae adnate with a decurrent tooth, narrow, crowded, 
avellaneous with a tint of cinnamon, edge white-flocculose, stipe 
5-9 cm X 5-10(12) mm equal above the somewhat bulbous 
base, white to pallid, apex mealy, longitudinally striate, undu- 
late, stuffed, odor resembling radiRh somewhat, taste slightly 
bitter, spores 8-10 X 5 5 5 ventricose, slightly inequilateral, 
basidia 28-10 X 5-6 \i> cystidia lacking on the sides, stenle 
cells on the edge 65-85 X 4 -6 ju, filamentose 

The description is drawn up from Professor Kauffman's notes 
The species was abundant during August, 1929, and October, 
1933, but only occasional scattered specimens were found during 
the intervening period 

Hygrophorus squAMULOsus Kills (PI XXXII) - Gregarious on 
low ground along the edge of a bog, Whitmore Lake, Aug 13 
and Sept 1, 1929, coll A H Smith, determined by C H Kauff- 
man The following description is drawn up from his notes 
pileus 1 5 -5 cm broad, convex, obtuse, the disk often slightly 
depressed, firm, surface dry, cuticle continuous at first but soon 
breaking up into minute fibnllose scales especially near the margin, 
“flame scarlet” to “orange chrome,” margin yellowish at times, 
fading to “ochraceous-salmon,” flesh firm, conoolorous at first 
but fading to yellowish, lamellae adnat e-decurrent, close to sub- 
distant, “apnoot yellow” or tinged reddish, broad, thick, stipe 
3-5 cm X 3-6 mm frequently compressed, hollow, equal, “apri- 
cot yellow” or tinged red, apex white-mealy, glabrous and naked 
elsewhere, concolorous withm except for the white pith, odor 
and taste none, spores 6 5-8 X 4-5 fx, ellipsoid, basidia 30-32 X 
5 fi } four-spored, gill trama parallel, stenle cells filamentose, 
scattered, 50 X 4 n 

Professor Kauffman notes that it “differs from H miniatus 
1ft smaller spores, in the frequently compressed stem, the 
colors, however, seem to be different shades ” Although the local- 
ity has been visited regularly in the past five years the species 
has not been found again // miniatus was collected in the same 
locality in 1929 The two species were easily distinguished 

Htfholoma Artemisia® Pass (sensu Lange) — Collected by C H 
Kauffman, Sept 13, 1907, but not determined, found again in 
1933 by E Nissen and A H Smith (33-1115) on humus in a low 
elm woods at Stockbndge, Oct 10 The fruit bodies were both 
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scattered and gregarious Since the material was abundant and 
since the species is not well known, the following description of 
the 1933 collection is given pileus 3-7 cm broad, obtusely conical 
at first, becoming umbonate, plane or with a slightly elevated 
margin, dry, not appearing hygrophanous, "pale drab" when 
young, disk at maturity darker and somewhat avellaneous, re- 
mainder very pale buff or whitish, colors dull, not striate, surface 
soft, oovered by minute innate fibrils, margin slightly appendicu- 
late, flesh rather thick, watery punctate, white, lamellae narrow 
(5-6 mm ), subdistant to close, widest at the base and tapering 
to the margin of the pileus, edge even, white when young, be- 
coming dull brown at maturity, stipe 9-12 cm X 4-10 mm , 
pure white, fragile, hollow, covered by loose fibrils over lower 
portion, prumose above and somewhat striate, obscurely undu- 
late, base slightly clavate, spores 8-10 X 4-5 A*» or 10*12 X 
4-5 purple-brown under the microscope, slightly curved or 
flattened in one view, basidia two- and four-spored, sterile cells 
frequent, 50-60 X 14-16 saccate to ventricose and then the 
apices obtuse, cystidia scattered, similar to the sterile cells or 
more cylindrical, pileus trama peeudoparenchymatic near the 
surface but not corticate 

Lange (8) describes the species as rather small, the flesh as 
hygrophanous, and the gills as crowded The fruit bodies in 
coll 33-1115 varied greatly in size, the flesh was watery punctate, 
a character of hygrophanous species, and the gills Varied from 
subdistant to close These differences are not sufficient to sepa- 
rate the two, however Peck’s collection at Albany was studied 
and found to be the same as the Michigan collections The 
microscopical characters are identical in all three, Peck’s collec- 
tion of 1878, Kauffman’s of 1907, and the 1933 collection seem 
to be the only records of this species for North America 
Htfholoma Candollhakum Fr — Singly m a moist area beside a 
woodland path, Porcupine Mountains, Ontonagon Go., Sept 14, 
1933 (33-955) No cystidia were found on the odes of the gills, 
those on the edge measure 35-50 X 9-12 m and vary from fusotd- 
ventricose to saccate Parker (9) describes the cyetidia as "on 
the edge of the gills only" In his comparison of AT appendtculatum, 
H CandoUeanwn, and H inceftwn In his description of H 
Candolkmitin (p 177) he states “ ♦ cystidia on edge of gilts, 
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subcylindnc, subventrioose, projecting 20-35 p, 9 11 m m width ” 
On page 160, however, under “phylongetio considerations,” he 
places this species in the Appendiculati and says “ H ctne- 
reum, H CandoUeanum and H Inocybeforme with cystidia on both 
sides and edge of gills ” Apparently the only specimens which 
he referred to H CandoUeanum having cystidia on the sides of 
the gills were those described by Kauffman under the name 
H kydropkyUum Fr (sensu Saocardo) The latter fungus, which 
has been collected frequently in Michigan, has but little resem- 
blance to the specimens here referred to H CandoUeanum 
Hypholoma echiniceps Atk — Closely gregarious or suboespitose 
near old stumps m pasture land, Ann Arbor, Oct 18, 1931 (two 
collections), and Sept 27, 1032 (32-489) Parker (9) gi\es the 
distribution of this species as entirely within New York 
Hypholoma hymenocephalum Pk (PI XXX, Fig 2) - On humus 
in swampy areas, Lakeland, July 1, 1933 (33-573), and Pinckney, 
July 18, 1933 (33-581) Pileus 2-3 5 cm broad, convex to ob- 
tusely conical, becoming expanded-plane or remaining slightly 
utabonate, “ cinnamon-brown,” fading to “ pale ochraceous-buff,” 
covered at first by loose fibrous scales, the fibers composed of 
elongated cells 25-35 X 10-14 m> glabrous at maturity, slightly 
corrugated, hygrophanous, sometimes striate, lamellae close, nar- 
row, adnate, equal, whitish at first, slowly changing to purple- 
brown, stipe 3-6 cm X 2-4 mm , white, dry, dotted with loose 
fibers, hollow, with large cavity, fragile, tapering upward, prui- 
noee or fibrous-dotted above, odor none, taste unpleasant, spores 
7-8 X 3-4 Mi ellipsoid, cystidia none, sterile cells cylindrical or 
ventrioose 45-57 X 9-15 m» pileus troma covered by a layer of 
inflated-globose cells. It is entirely possible that H kymeno- 
cepkalum and H coronahtm are one and the same species U 
ooronatum as described by Kauffman (7) is characterised by dark 
brownish gray colors, but Breaadola’s description and illustration 
(4) easily admit the collections cited here under H hymenocepha- 
h m Further study in both Europe and America will be necessary 
to determine accurately the relationship between the two The 
writer's specimens agree well with the type of H hymenocephalum 
at Albany The fruit bodies w the latter, however, are slightly 
more robust The twenty-odd additional collections in the Her- 
barium of the New York State Museum at Albany show too 
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much variation in size for this difference alone to be given much 
weight 

Inocybe wwiGiPES Kauff — On moss and humus under Rhus Vemiz 
in a larch bog near Ann Arbor, Sept 9, 1932 (32-386) This 
species was described by Kauffman from Welches, Oregon, and 
has also been collected by him in Washington The young 
sporophores are nearly white or pale cream color at first, becom- 
ing darker as they develop, finally sordid ochraceous yellow or lsa- 
belhne In moist weather the matted fibrils on the pileus may 
seem subviscid, but there is no gelatinizing layer 

Leptonia STKTCTIPE8 Peck — Scattered on sphagnum, George Re- 
serve, Pinckney, July 21, 1933 (33-603) Pileus 1 5-3 cm broad, 
obtusely campanulate, dry, innately furfuraceous t-o fibrillose, 
slightly scaly on the disk in age, evenly colored, “cacao brown” 
to “pecan brown” or disk “walnut brown,” not striate or only 
faintly so when wet, lamellae close, broad, pallid, then dingy 
flesh color, adnate, at times decurrent by a short tooth or only 
by a faint Une, edge uneven, floccose, stipe glabrous, cartilagi- 
nous, evenly colored, color similar to that of pileus but usually 
somewhat sordid, odor and taste none, spores 10 8-13 5 X 
6 5-8 ju, tuberculate-angular, flesh color m mass, basidia 40-44 X 
9-11 ju, four-Hpored, cystidia none seen, sterile cells basidia-hke 
The spores of the type measure 10-12 5 X 6-7 5 /* and no 
differentiated sterile elements were found Apparently this species 
has been known previously only from the type locality in New 
York 

Naucoria mi osoTiB Fr — On wet ground along the margin of a 
bog, Ives Lake, Big Bay, Sept 16, 1933 (33-988) Pileus 2-2 5 
cm broad, broadly conical to convex, glabrous, or occasionally 
with fibnllose patches near the margin, viscid to glutinous, 
“medal bronze” to “citnne,” evenly colored, faintly etriatulate 
when fading, and then brownish colors more pronounced, not at 
all striate when fresh, flesh pallid to dull greenish, lamellae 
adnate to shallowly adnexed, subdistant, moderately broad, equal 
to slightly ventricose, whitish to pale olivaceous, becoming brown 
from the spores, edge white-fimbnate and eroded , stipe 6-8 cm X 
2-5 mm , very rigid, covered by white fibrillose patches which 
blackened in drying, densely pruinose above, hollow, equal, spores 
14-16 X 7-9 fi t smooth, slightly almond-shaped, basidia 48-53 X 
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10-12 m» four-spored, cystidia embedded, scattered on sides of 
lamellae, apex often with several rodlike prolongations, sterile 
cells fiiamentose to subfusoid, 35-44 X 6-9 p, gill trama homo* 
geneous, of short, rather broad cells irregularly arranged, pilous 
trama differentiated into a rather loose, very gelatinous pellicle, 
and a body of interwoven fiiamentose cells The cells of the 
pellicle and those immediately beneath it were filled with a pale 
olivaceous content 

This collection differs from the descriptions of N myosotis 
given by Rea and Ricken m the presence of embedded cystidia 
on the sides of the gills These might easily have been o\ erlooked , 
the specimens are characteristic m all other respects 
Naucoria palu dos ella Atk — Scattered on moss m a sphagnum 
bog, usually near or on hummocks, Mud Lake Bog, Whitmore 
Lake, Sept 25, 1933 (33-1014), and Sept 28, 1933 (3M041) 
Pileus 3-5 cm. broad, convex to plane, pale creamy, disk often 
“tawny,” covered when young by tawny, fibnllose, easily re- 
movable scales, margin fibrillose, slimy when wet, soon dry and 
scarcely viscid , lamellae close, smuate-adnate, moderately narrow 
(broad in some small pilei), pale yellowish buff, then cinnamon- 
brown, pliant and soft but tenacious (very hard to section), 
stipe 3-6 cm X 3 A mm , pallid above, tawny to russet below, 
fibnllose or fibnllose-scaly below, prumose above and buffy 
yellow, tubular, spores 7-8 X 4-5 pi, subovoid , sterile cells 
40-50 X 8 11 Mi cystidia similar to sterile cells, sporadic, i e 
abundant on one gill and none on others near by, pileus trama 
made up of a pellicle of narrow, loosely arranged cells with colored 
walla, body of larger, hyaline cells, gill trama of narrow hyphae 
This is clearly the plant which Atkinson (1) illustrated and de- 
scribed Because of the rather thick stipe and Flammula-hke 
habit, one is likely to look for it first in Flammula 
Naucoria verna1>is (Pk ) Sacc — Pileus 1-2 5 cm broad, convex 
at first, then expanded-plane or slightly depressed, margin 
shghtly decurved and usually with scattered fibrils or fibnllose 
scales from the broken veil, lubricous, “chamois,” “honey yel- 
low,” or “clay color,” subhygrophanous, finely and closely pel- 
luoidly striate on the margin, flesh 2 3 mm thick, tapenog 
gradually to the margin, lamellae crowded and narrow (15- 
2 mm.), broadly adnate, receding in age, edge minutely crenulate, 
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stipe 4 — 6 cm X 3-6 mm , with an evanescent apical annular 
fibnliose acne, veil submembranous at times, concolorous with 
pileus above, reddish brown below, longitudinally fibrous-striate 
to the apex, subcartilaginous, spores 6^8 X 3-4 ju> obovate with 
a truncate base, or subelhpsoid, basldia four-epored, cystidia 
lacking on sides, sterile cells on edge fusoid-ventricoae, 36-40 X 
8-12 /x, odor and taste none, pileus trama homogeneous 
The lubricous cap with its fine crowded striations, pale color, 
and marginal fibnliose scales, the very narrow crowded gills, 
and the truncate spores make this a very distinct species. It 
was either cespitose or gregarious on dCbris in woods of maple 
and beech at Harbor Spnngs, June 4, 1932 (32-46), on oomferous 
wood at Wilderness Park, June 4, 1932 (32-82), and at Rock 
River, June 9, 1933 (33-341) These collections correspond 
closely to the type at Albany, New York Peck's illustration 
shows a plant with an apical annular fibrillose zone similar to 
that on the fruit bodies described above The spores of the type 
measure 6-7 (8) X 3-3 5 n, are subelhpsoid to obovoid, and have 
truncate bases No cystidia were seen on the sides of the gills, 
the stenle cells are fusoid-ventricosc and measure 30-40 X 8-12 /i 
Atkinson's photograph (2, Fig. 160) illustrates a more robust 
fungus, and certain discrepancies in his description indicate that 
he was probably dealing with a different species 
Pu/teus hibpiduiats Fr — Scattered on old beech logs, BUsswood, 
Harbor Spnngs, Aug 17, 1933 (33-649), and Aug 20, (33-718) 
Spores 4 6-6 p, subgiobose in outline, cystidia present on the 
edges of the lamellae only, 30-36 X 10-12 /*. The Michigan 
collections of this species, apparently very rare in North America, 
correspond closely to the illustration of Friee (Icon T 90, f 2) 
Tricholoma microsporum Ellis — Scattered on humus along the 
edge of a bog, Dexter, Sept 14, 1932 (32-406), and Oct 5, 1933 
(33-1096) Pileus 3-16 mm broad, obtusely conical when 
young, remaining so or becoming expanded and slightly ura- 
bonate, surface dull, dry, faintly pruinoee at first, evenly “deep 
vinaceoue-lavender,” but tending to fade to a pale lilac-gray, 
margin incurved when young, lamellae narrow, slightly ventri- 
oose, distant to dose, concolorous with the pileus at first hut 
soon fading to pale grayish hlac, adnate, stipe 1^3 cm X 1-1,6 
mm, pale lilac to lavender, hoary with a coating of grayish 
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fibrils, base sordid, odor and taste none, spores 2 5-3 5 X 
2-2 5 /i, subglobose to broadly ellipsoid, differentiated sterile 
cells or cystidia lacking, basidia two- and four-spored 
The very narrow (but truly fibrous) stipe and the incurved 
pileus margin might lead one to look for this species in the genus 
Collybia 

or Michigan 
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THE FRESH -WATER ALGAE OF 
NEWFOUNDLAND* 

PART II 

WM RANDOIPH TAYLOR 

I N THIS second part many additional species of dcsmids and a 
few other algae are recorded for Newfoundland Part I, in the 
preceding volume of the Papers (19 217-280), deals with general 
features of the algal flora and lisle the Myxophyceac and part of 
the Chlorophyceae 

S rAiTRASTBUM Mcyen 

Staurabtrum alternans De Brdb (PI XXXV, tig 6) — L 21- 
24/i, w 21 25 p, lath 7 p Pools Si as 119, Ingornechoix Bay , 
122, Pointe Riche, B 26, Whitboume 
At times the granules tended toward a linear arrangement 
over the apex, as in the type figured 
Staurabtrum amerioanum (W 4 G S West) G M Smith var 
lonoiradiatum G M Smith f (PI XXXVIII, Pig 10) - 
L max 44-58 p, 1 body 12-13 ft, w max 40 56 p, isth 4 5 p 
Pools Stas 146, Lookout Mt , F 8, Grandys Brook 
These plants are more like Smith’s 8 amneamm longiradratum 
(1921) than the Wests’ S graUalortum amneamm (1896), from 
whioh it was segregated, but differ from both in their much smaller 
si se and depressed apices This plant shows a depressed apex 
whioh suggests 8 Chaetoceras (Schrfid ) G M Smith (1924), but 
the sinus is very different 

Staurabtrum anatinum Cooke 4 Wills, near var cubtum G M 
Smith (PI XXXIV, Figs 7, 7a) - L body 28 p, w 47-75 p 
Pools. Stas 140, 146, Lookout Mt 
Staurabtrum anatinum var truncatuu W West (PI XXXIX, 

* Papers from the Department of Botany of the University of Michigan, 
No 482 


185 



186 Wm Randolph Taylor 

Fig 17) — L max 58-60 p, w max 79-95 p, isth 19 u Pool 
Sta 140, Lookout Mt 

St aurastr u A n c kora W A G S West (Pi XXXVIII, Fig 9) — 
L 75 p f vr max 113 p,w body 22 p, isth 12 p Pool Sta 140, 
Ivookout Mt 

Smaller and with more incurved arms than Smith (1924) reports 
it from Wisconsin, but agreeing m both sire and shape with the 
Wests’ original figures of American specimens (1896a), though 
differing from the description m its relatively longer cells with 
shorter arms 

Staurabtrum anjcyroides Wolle var pbntacladum G M Smith 
(PI XXXVII, Fig 10) — L 72-77 w max 115-120 p t w 
body 18 pi Pool Sta 140, Lookout Mt 
In the examples seen the ornamentation was slightly less 
prominent than in Smith's form (1924) 

Staurabtrum amculatum De Br6b (PI XXXIJI, Fig 6) — L 
30 p, w 28 p, isth 7 p Pool Stas 112, St John Bay, 122, 
Pomte Riche 

Staurabtrum Arctiscon (Ehrenb ) Lund (PI XXXVI, Figs 13-14, 
PI XXXVII, Fig 9) — L max 117-132 p, 1 body 56-65 p, 
w max 120-122 p, w body 42 49 p t isth 21 p Pools Stas 
140, Lookout Mt , B 9, St Johns 
The Lookout Mt material has longer arms than that from 
St Johns, the more typical, and more arms to each semicell (about 
20 against 15) The Wests (1896) found their American material 
to have smoother arms than the Europeah, but the Newfound* 
land specimens do not agree with their var glabrum 

Staurabtrum arcoatum Nordst Reported by Cushman (1907) 
from St Anthony 

Staurabtrum aristifrrum Rails (Part I, P! LV1I, Figs 1-2) — 
L max 40-50 p 1 1 body 21-2$ p t w. max. 38 p f w body 22-24 p, 
isth 6 5 p Pools. Stas 146* Lookout Mt , F 8, Grandys 
Brook 

Staurabtrum aristifurum, t (Part I, PI LV|I, Fig 3), — L max. 
70 p , 1 body 38 p, w max 67 p, w body 34 p Pod Sta 
140, Lookout Mt 

Staurastrum aristifbeuM, f (Part I, PI LVII, Fig 4) — L max 
34 p f 1 body 19 p, w max 38 p f jv, body 13 p . Pod Sta* 146, 
Lookout Mt 
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Stauhabtrom aversum Lund (PI XXXIII, Fig 7) — L 47 p, 
w 42 m Poo! Stft 146, Lookout Mt 
Staurastrum Aviccla De Br6b var subarcuatum (Wolle) W 
Wait (PI XXXIV, Fig 3) -L 28 * w 38 m, uth 14 m 
P ool Sta F 9, Burgoo 

Staukastrum bioorne Hauptfl (PI XXXVIII, Figs 7-8) — L 
53-71 fx y w max 73-93 m, w body 19-27 /u, th 23 m, wth 10- 
13 m Pools Stas 116, St John Bay, 119, Ingornethoix Bay, 
122, Pointe Riche 

These plants range larger than those cited by Carter (1923), 
but the minimal dimensions are very close 
Staurastrum bioculatuxn, sp nov 1 (PI XXXVIII, Figs 3 4) — 
Cells large, compressed, biradiate, semicells tapered in polar 
view, with long, hollow, crenate arms at the ends, cask-shaped 
in end view, irregularly rectangular and transversely constricted 
in side view, bearing two long, curving, upwardly divergent, 
hollow, strongly dentate arms with three-aculeate tipB at the 
upper angles, basal den ti dilations often enlarged to obvious 
spines, polar area with three papillae on each side, the lateral 
ones emargin&te, the central also slightly apioulate in the center, 
basal area inflated between the isthmus and the arms, the infla- 
tion armed on each side with (usually) two rows of about three 
spines each> the central spine much larger than the laterals, 
upper lateral faces of the semicell with two depressed refractive 
incrassate papillae, cell otherwise smooth , sinus acute, outwardly 
dilated L max 75 Mi l body 34-52 jx, w max 94-103 fi, w 
body 17-18 m» th 13-17 m, isth 9 m Pools Sta 140, Lookout Mt 
This attractive species particularly resembles S unmiorQ M 
Smith, since that has similar, but single, lateral projections, and 

1 Stsmatnsm WocoUtom, sp nov — Cellule magnae, compress w, bira- 
diatte; semfoeUuH* aepectu polari angustatis apice bracchia longs vacua crenata 
farentmus, aepectu aoiati doUiformibus, aapectu faciali irregularitcr rectangulis 
at transverse constrict!* bracchia 2 tonga divergentia sumim curvata vacua 
valde dental* apioe 3-aculeata ferentibua, bracchiorum detttibus mferioribua 
aaepe magoia, epimfornubu*, area polari utnnque 3-papfllata, papillts toterah- 
bui ematginatis, madia attomque apicutota, area basali inter bracchia et isthmum 
inflata, inflation* ptorumque 2 seriebus spin arum trinarum armata, send spina 
contrail quota Uteralibu* oonsptoue grandtow, semioeUulae faciebu* superior© 
parts pauUhs 2 dap tmk incrawati* refract* via pracditis, ceterum laevibus, sinu 
acute. Long max* 75 Mr long #»*p 84-52 Mi tot max, 94-103 Mr tot corp 
17-18 Mr cram tfwp, 18-17 Mr tot 1st h 9 m* Newfoundland, m toco dtoto Lookout 
Mt,, legit Bayard Long 
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similar rounded basal-lateral contours, but with a different orna- 
mentation The coll body in the present species is longer and 
the total width greater, although the body is not quite so wide 
GrOnblad's S dtmazum (Ltitkem ) GrOnbl (1920) has two lateral 
projections, but they are granulate, the general contours are 
different, and the plants are smaller, his var elegantiu $ is nar- 
rower and differs in surface characters The Wests’ 8 leptocladum 
tnfttgne (1896) has a similar, but single, lateral projection, more 
apical verrucae, and a more delicate form 

Staurastrum boreale W & G S West, var (?) (PI XXXIX, 
Fig 12) — L max 31 p t w max 43 p t isth 7 p Pools Stas 
H6, St John Bay, 122, Pomte Riohe 
Somewhat like Grdnblad's S affimforme (1920), but in S 
boreak the polar area bears definite verrucae and the cells are 
relatively broader across the arms 

Staurastrum botrophilum Wolle (PI XXXIII, Figs 11, 13) — 
L 53-57 p, w 46-49 p, isth 12-14 p Seepy slope and stream 
Stas 129, Doctors Hill (frequent), B 24, Whitbourne 
When compared with W olio's data (1892) these plants appear 
to be rather large 

Staurastrum brachiatum Ralfs (PI XXXV, Fig 21) — L max 
40 p f 1 body 18 p, w 38 p> isth 9 p Pool Sta F 8, Grandys 
Brook 

Staurastrum brasiuknse Nordst var Lundkllu W West (PI 
XXXIII, Fig 15) - L max 152 p, 1 body 96 p, w max 130 p t 
w body 64 p f isth 38 p Pool Sta 140, Lookout Mt 

Staurastrum brevibpinum De Br6b , f near var altum W & 
G S West (PI XXXIII, Fig 14) — L 50-52 p t w 42 p , isth 
15 p Pool Sta. 140, Lookout Mt 
Longer than broad, with upturned mucro at the angles, in 
which it resembles the cited variety, btit In longitudinal dimen- 
sions not beyond the species range 

Staurastrum Cerastes Lund (PI XXXVI, Fig 15) —L 52- 
56 Pf w max 63 5-67 p , isth 17 5 p Pools Stas 140, 146, 
Lookout Mt 

Staurastrum Clevki (Wittr) Boy <fe Bus (PI XXXVI, Figs 
9 -10) — L max 60-69 p } 1 body 32“-3$ p , w max 50-65 p, 
w body 22-30 p, isth 13 p. Pools Stas 146 (frequent), 
Lookout Mt , F 8, Grandys Brook 
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Carter (1923) notes 8 Clevei as smooth, but at least part of 
the present material is finely punctulate, as well as larger than 
the British specimens The trispmate arm character shown in 
Figure 10, lower semicell, is unusual 
Staurastrum cosmarioides Nordst (PI XXXIV, Pig 8) — L 
75 m» w 42 ju, isth 13 m Pool Sta 119, Ingortiechoix Bay 
Staurastrum ckbnulatcm (Naeg ) Delp ,f (PI XXX VII, Fig 5) — 
L 19-21 Mi w max 20-24 m> isth 6 5 ju Pools Stas F 8, 
Burgeo, B 20, Whitbourne 

G S West (1899) figures a senes of reduced forum which appear 
to justify assigning this material to 5 crenulaium 
Staurasthum cuspidatum De Br6b (PI XXXIII, Pig 2) — L 
24-28 m, w max 41-05 m, w body 22-23 m Pools Stas 119, 
Ingornechoix Bay, 140, Lookout Mt 
Staurastrum cuspidatum var canadense G M Smith (PI 
XXXIII, Figs 5, 3 f ?) — L max 38-40 m, 1 body 19 22 m, 
w max 32-40 Mi w body 15-18 m» isth 5 6 m Pools Stas 
140, Lookout Mt , B 21, Whitbourne 

A little small for this variety (Smith, 1924), the apex was 
depressed The desmid in Figure 3 probably represents a larger 
form with reduced spines, the dorsal inflation is not a contrary 
indication The elongate indented isthmus distinguishes it from 
8 tnucronalum , to which its size gives some resemblance (1 45 m» 
w max 43 M> w body 38 m, *sth 10 m)» ^ came from Sta 122, 
Fointe Riche 

Staurastrum dwkctum De Br6b (Part I, PI LVII, Figs 5-6) — 
L max 31-39 M; I body 18-25 m» w max 24-38 Mi w body 18- 
28 m Pools Stas 119, Ingornechoix Bay, 140, 146, Lookout 
Mt , F 8, Grandys Brook 

Staurastrum dejbctum var patens Nordst (PI XXXIII, Fig 1) 
— L 28 Mi w max 42 m, w body 34 m Pool Sta 116, St John 
Bay 

Staurastrum Dickiei Ralfs (PI XXXIII, Fig 12) — L 34 m> w 
max 48-66 Mi w body 36-43 m Pools Stas 119, Ingornechoix 
B&yj 122, Point© Riche, B 21, Whitbourne 
Staurastrum dilatatum Ehrenb (PI XXXV, Fig 9) — L 28- 
80 Mi * 24-31 (-48?) m» isth 9-10 m itches, pools, and 
wet moos Stas 129, Doctors Hill, 135, Point© Riche, 103, 
Molvers Cove, B 6, 9, 20, St Johns, B 24, Whitbourne 
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Some of the material had a well-differentiated ring of granules 
about the isthmus, as figured 

Stauras'Trum dubicm W West — Reported by Cushman (1907) 
from Rose-au-Rue 

Stauhastbum bchinatum De BrAb — Reported by Cushman <1907) 
from St Anthony For the various interpretations of this species 
see Heimans (1926) 

Staurasthum elongatum Barker (Pi XXXVI, Figs 1-2) — L 
60 p, w max 40 p Pools Stas 146, Lookout Mt , F 6, Great 
Barachots, F 8, Grandys Brook 
Donat (1927) accepts a southern coastal plain distribution 
in America for this plant, but in Europe (Carter, 1923) it is 
northern 

Staurastrum Femaidii, sp nov* (PI XXXVI, Fig 5) -“Plant 
small, sermoells triangular in polar view, the sides slightly con- 
cave, the angles produced into stout processes with 5-7-dentiou- 
late flattened ends, three or four rings of acute granules encircling 
each arm, causing the margins to appear dentate, and two or 
three granules within the margin on obsolete processes, central 
area smooth, semi cells in side view subcylindncal below, a little 
swollen near the isthmus, the swelling surmounted by a row of 
acute granules, the upper angles extended into stout hollow 
processes as described above L 38 p, w max 28-29 p, w base 
body 95 p, istb 6 6-7 0 p Pool Sta F 8, Grandys Brook 
This plant shows similarities to 8 Zygaetia W» AG 8 West 
(1896), but that plant is relatively wider and differs h^purfaoe 
details It is also somewhat like S margarttacmm, but has longer 
body and arms 

STAtmASTRUM vurcatuk (Ehrh ) De BrAb (PI XXXIV, Fig 2, 
PI XXXVII, Fig 14, f) — L max 4<M7 p, } body 22-30 p, 
w max 34-38 p> w body 18-22 p, isth 11 5 p Pools. Stas 
* 140, Lookout Mt , F 6, Great BarachoU. 

» eunrAstnua FtmtfdU, ap. uov — Plants parva, •emicelhilie Asbectn po- 
lar! triangukribo*; iateribus paulo oonoavtaj aogulis in braoohia o-7-denti- 
ouUta api#e pknata product!*, margiaibus de oeoia gnUmlorwa acutorum ter 
quaterv* vertwrillate braochia cfrmiraataotioin dcntgtis, granule tottamaigl- 
nalibus 2 vel $; area central* kevf ) eeftrieefluJi* aapecfcu UtaCaH dedmotn sub- 
cyHadriei*, props bthmum tubinflatto, inflations graauierum acutorum annul? 
cirenodata, angufa anporwribua in bmechia mm vacua products Long 
88 p, 1st max 3M& 0h kt eorp ba* p, fatb 6 MX) p Newfoundland, in 
loco dieto Greedy* Brook, legit / M Fogg, Jr 
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The processes varied from rather slender and solid near the 
forked ends (notably from Sta P 6), to short and hollow through- 
out 

Staurastruu furcatum, var (?) (PI XXXVI. Fig 11) — L max 
36-40 y } I* body 22 y f w 43-47 y, lath 7 5 jut Pool Sta 146, 
Lookout Mt 

The processes in this variety are slender, not always hollow 
throughout, the semicells are triangular with the upper senes of 
processes borne on an elevated apex, the lower margins are nearly 
smooth except that in many instances they are characteristically 
set with a single long (3-4 y) Bpine Rich (1932) recognizes the 
presenoe of such a spme in 8 furcatum GrOnblad (1920) accepts 
as S Tokopekaltgense forms with 2 series of upper processes 
Prescott (1931) figures a short-armed form as 8 Tokopekaltgense 
tnfurcatum which suggests this plant 
Statoabteum rtTRCATUM var acuuoatum Sclunidle (?) (PI XXXVII, 
Pig 6) — W max 36 y, w body 21 y Pool Sta F 8, Grandys 
Brook 

Stauradtruu furcwbrum De Br£b (PI XXXVI, Figs 7-8) — 
L max 79-72 y, I body 39-35 y, w max 51-80 y t w body 22- 
38 y r isth 15 y Pools Stas 116, St John Bay, 122, Pomte 
Riche, 119, IngoraechoixBay, 140, Lookout Mt , B 6, St Johns 
The range of length of arm seems to be considerable in this 
material The form shown by Figure 7 resembles var armtgerum 
except for the number of arms in the upper senes 
Staurastrum rtfKCiGERUM var bustephana (Lhrenb ) Nordst — 
Pool Sta 119, Ingomechoix Bay 
Staurastruu gkminatum Nordst , near var lonoispinum Prints 
(PI XXXV, Figs 10-11) - L max 40-47 y t 1 body 28-30 y, 
w max 31-36 y } w body 19-28 y Pool Sta 146, Lookout Mt 
The spines are a little shorter and there are two more at each 
angle than figured by Print* (1915), with the semloells less 
rounded in side view The material is also suggestive of 8 
kystnx Rafts, Allorge’s figures of that species (1930) are more 
like Figure 11 of the present material than the figure used by 
Carter (1923), but their plants were smaller 
STAtmarntm geaojle Rolfs (PI XXXIX, Fig 13) -W max 57 m 
P ool, Sta, 116> St John Bay 

Staurastrum oRAUATORnm Nordst , var (PI XXXIX, Fig 18) — 
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Cell large, biradiate, semi cel la truncate-triangular, the distal 
angles prolonged into stout slightly divergent arms, the base 
slightly and abruptly contracted into a shallow sinus, arms from 
the side terminated by two stout spines nearly m the plane of 
the cell, with the outer spines larger than the inner, upper and 
lower margins serrate, the upper accentuated by a dorsal row of 
apiculae, the sides bearing a row of smaller apiculae, cell body 
from the side showing tao rows of granules above the sinus and 
two rows below the bases of the arms, with the apical ornamenta- 
tion across the crest, cell apex showing a broadly oval body ex- 
tended into the stout arms, the cell faces obviously thickened, 
the top showing a pair of erose or three-denticulate verrucae on 
each side, and two spines at the junction with each arm, the area 
between sparsely granulate L max 80 /t, 1 body 60 /t, w max 
96 /t, r body 22 /*, th 24 /t, isth 9 5 p Pool Sta 140, Look- 
out Mt 

Larger than the species, and particularly resembling but also 
larger than the var forcipigerum Lagerh , whioh Smith (1924) re- 
ports as having one asymmetrically placed spine at each arm 
base 1 

Staurastbum grande Bulnh var parvum W West (PI XXXIV, 
Fig 9) — L 65 /t, w 66 /t, isth 17 5 /t Pool Sta. 140, Look- 
out Mt 

Staukastrum Hkimbrdunum LUtkem , f (7) (PI XXXVII, Fig 3) 
— L body 16 At, l max. 21 At, w 26 At; isth 5 6/1 Pool Sta 
F 8 , Grandys Brook 

Stauiustrum inflexum De Br 6 b (PI XXXV, Fig 16) — L 19 /t, 
w max 38 At, w body 10 At, isth 4 5 /* Pool Sta, 116, St John 
Bay 

STAimAaTRuii iotaotm Woile (PI XXXV, Fig 14) — L max 19 fi, 
K J body 10 At, w max 22 At Pool Sta 146, Lookout Mt 

Staurastbum Johnson! W AGS West (PI XXXVIII, Figs 5-6) 
— L max. 63-75 /t, 1 body 45-58 At, w max. 84-103 /*, w body 
13-17 5 A*, Lath 9 5/i Pool Sta 140, Lookout Mt 
As originally described (1896), the arms were nearly parallel, 
Smith (1924a) accepts the diverging arms, Smith again (19245) 
figures diverging arms, but with a different type of lateral orna- 
mentation on the semioeli faces, the subapiCal rings of granules 
which he figures (1924a, 5) are reduced to strong verrucae, but 
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his var depauperatum shows a similar simplification, GrOnblad’s 
var perpendwulatum (1921) has divergent, slightly curved arms 
like those of the Newfoundland material, but his plants were 
somewhat larger Cushman’s var eoloradense (1904) has rougher 
arms and is shorter 

Staurastruw leptoclapum Nordst, f (PI XXXIX, tig 19) — 
W 84-120 p Pools Stas 140, 146, Lookout Mt 
The polar area bears upon each side two small aculci, of unequal 
size, on a slightly developed verruca It is near the var comuta 
of Wille 

Staubastbum longispinum (Bail ) Arch var bidentatum (Wittr ) 
WAGS West (1902) — Reported by Cushman (1907) from 
St Anthony 

Stacuastruu macrocerum Wolle — Reporte<l by Cushman (1907) 
from St Anthony 

Staubastbum margaritackum (Ehrenb ) Menegh , f (PI XXXVII, 
Fig 1) — Cell small, body of semicells short, tapered slightly 
toward the isthmal constriction, smooth except for the basal 
angle with one row of granules, and the polar area with a bigranu- 
late verruca near the margin between the arms, arms usually 
five, margins denticulate, surface with 3 ~4 rings of granules, 
ends 5-7-denticulate L 32 p, w max 35 /x, w body 14 p, isth 
9 p* Pool Sta F 6, Great Barachois 

Staurastrum Mkriani Reinsch (PI XXXV, Fig 15) — L 42 5 p t 
w 237 p Rill Sta 134, Pointe Riche 

Staurastrum mucronatum Ralfs, large f (PI XXXIII, Fig 8) 
L 37 5 ju, w max 51 p f w body 39 p Pool Sta 119, Ingorne- 
choix Bay 

This plant differs from the type principally in size, but var 
Bubtnangulare is large Some figures of Smith’s S dejectum m- 
flatum (1924) suggest this material, but Carter’s do not (1923) 

Staurastrum mucronatum var subtriangulark W & G S West 
(PI XXXIII, Fig 4) — L max 30-43 p, 1 body 35-36 p % w 
max 42-49 p t w body 33-38 p t isth 9-13 p Pool Sta 122, 
Pointe Riche 

STAtnuaTRUM muricatum De Brdb , f (PI XXXV, Fig 4) — L 
46-56 M, w 37 38 p t isth 11 p Pools, wet banks, and ditches 
Stas 134, Pointe Riche, 102 (frequent), 103 Molvers Cove, 
B 28, 29, Whitbourne 
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Staubabtkctm fcANVM Wolle — Reported by Cushman (1907) from 
Rose-au-Rue 

Stalrastrum natator W West (PI XXXVIII, Figs 1-2) — L 
max 66-75 p } l body 36-38 ju, w max 85-88 p, w body 11-15 
th 14-16 p t isth 9 5 a* Pools Stas 140, Lookout Mfc , B 26, 
Whitbourne 

Notable points of variation include a length over all somewhat 
greater than nx the British (Carter, 1923) and Wisconsin (Smith, 
1924a) plants, an additional row of granules near the Isthmus, 
and rings of pores (or granules?) below the apical \ errucae The 
Wests' figures (1896) of American var crassum and their measure- 
ments show a much thicker cell, Smith's figure (1924a) of type 
material is closer to the present form 
Staurastrum novae-terrae, sp nov * (PI XXXVI, Fig 4) — Cells 
of moderate size, semi ceils from polar view triangular, the sides 
straight or slightly concave, truncate- triangular from side view, 
the polar area hardly elevated, the angles with long, smooth 
divergent processes, solid or slightly excavate at the base, bi- 
furcate at the tip into two stout spines, top with a series of three 
pairs of short, divergent, solid, bifurcate processes, one on each 
side of each angle, inserted well within the margin , sides usually 
denticulate below each angle, but otherwise contour unbroken, 
sinus open, nearly 90°, wall minutely punctulate L max 28-45 
fx f 1 body 25-28 p , w max 38-50 p, w body 22-23 p t isth 
7 5-9 5 ju Pools Stas 146, Lookout Mt , F 8, Grandys 
Brook 

This plant differs from S pseudopelagicuni and S pehgteum 
in the upper senes of processes, and apparently from the former 
in its solid arms, though the latter has its (shorter) arms solid 
The longer arms and the triangular semicells and this character 
of solidity separate the maten&l from S furcaium and 8 Toko- 

1 Staurastrum novae-terrae, sp nov - CeUuIae mediocre* , 
aepectu polar! tnangularibus, lateribua rectus vcl subooncavis, aspectu lateral! 
triaogulanbtis, area polari vtx elevata, aogulis bracehiig longta laevibus diver* 
gentibus Holidls vel bad paulo exc&vatis praeditw, apice blfurcatis spinas 2 validas 
ferentibus, superficie seriem eerie infrnmarginaiem appendteum 6 divergentium 
solidarum bifurcataruxn regularitcr geminatim poaitarum ferente, latenbua 
piemmque infra angulos dentatis alioqui mtegm, slnu aperto, eubreetangulo, 
membrane minutissime punciulats Long max 28-45 p, long oorp 25-28 p, 
lat max 38-50 p, lat oorp 22-23 p, lat isth. 7 6- 9 5 p Newfoundland, in 
loco dicto Lookout Mt , legit Bayard Long 
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pekahgeme These several plants have more superficial resem- 
blances than close relationships to the present 
Staurastrum O’Meakii Arch (Part I, PI LVII, Figs 7, 7a) — L 
max 17-21 p, 1 body 15 p, w max 25 p t w body 15 p Pool 
Sta 145, Lookout Mt 

Staurastrum Ophiura Lund (PI XWVIJ, Figs 11, 13) — L 
47 p, w max 103-141 p, w body 22-28 p f i«th 15 17 p Pools 
Stas 140, Lookout Mt , F 8, Grandys Brook 
This material lacked granules on the spelling abo\e the smus 
Staurastrum ORRIcuLAR^ Ralfs \ar extlnsum Nordst , f (PI 
XXXIII, Fig 9) — L 30-32 p, w 26-28 p, isth 8 5-9 5 m 
P ools and wet moss Stas 140, Lookout Mt , B 6, 9, 20, 
St Johns, B21 (frequent), 24, Whitboume 
Though the species assignment of this material seems clear, it 
was not certain that it agreed with any of the named varieties In 
general, var extension seemed most suitable, but some eeMs were 
more like var depression, and there did not seem to be any clear 
segregation possible, the plants are a little small for var exiensum 
Staurastrum pachyrhynchum Nordst (PI XXXIV, big 1) — 
L 24-86 p> w 24-30 p Pools Stas 135, Pomte Riche, 119, 
Ingomechoix Bay, 148, The Tableland 
Borge’s form (1903) has more slender arms than the material 
at hand, which is close to the form reported by Raciborski (1889), 
but without any inflexion of the angles 
Staurastrum paradoxum Meyen (PI XXXV, bigs 17-18, 19 ? ) 
— L max 42 p, I body 26 p, w max 38-56 p, w body 15-17 p 
Pools Stas 140, 146 (frequent), Lookout Mt , F 6, Great 
Barachois, F 8, Grandys Brook 
Smith (1924a) distinguishes S gractle as hating intramarginal 
paired granules in vertical view, S paradoxum as lacking them, 
whereas Carter (1923) appears to admit them as occasional 
ornamentation 

Staurastrum pelagicum W AG S West var longibrachiatum, 
var nov 4 (PI XXXVI, Fig 3) — Plant of moderate size, polar 
view triangular, the angles produced into solid processes, lateral 

4 Staurastrum pdagtewn var longibrachiatum, var nov — Plants mwiiocris, 
aspects polar! triangula, angulii in bracchm eolida bifureati4£ aemlocllulw aapectu 
lateral! triangulU ad auium truncatm, anguhs auperioribua in bracchia sursum 
divergentia bifurcate products, area polan laevwiaime inflata ©t asperata, mar- 



196 


W m Randolph Taylor 

view of semicells truncate- triangular, the upper angles produced, 
the processes upwardly divergent, bifurcate, the polar area very 
gently inflated and roughened, lateral margins slightly curved, 
barely roughened, sinus widely open, acute L max 42 p, 
1 body 25 p, w max 48 p , w body 30 p, isth 7 5 p Pool Sta 
146, Lookout Mt 

There is much about this plant to nmiml one of S pseudo - 
pelagicuni W & G S West, but here the slender arms, much longer 
than those in the species, are solid, and the Wests (1903) describe 
their plant as hollow -armed Hie granulation characteristic of 
the species is reduced and noticeable along the edges only S 
Huber uetatum Cooke & Wills does not have long slender arms like 
those of this material 

Staurastuum ienta(erum (Wolle) G M Smith (PI XXXVII, 
Fig 12) — W max 95-1 60 p, w body 21 24 m Pools Stas 
140, 146, lookout Mt 

Staurastrum polymorphum De Brtb (PI XXXV11, big 4) - L 
28 p , w' 36 p y isth 10 m Pool Sta F 9, Burgeo 
This plant greatly resembles Smith's drawing of Norwegian 
S gractle (1924a), but the writer’s plants are far too small to meet 
his size requirements 

Staukahtrijm polymorphum, f (PI XXXIV, Iig 4) — L 30 p t 
w 24 m, isth 8 5 m Pool Sta 145, Lookout Mt 
P xcept for size, these individuals rather suggested var ptmllvm 
W West 

Stattrastrum polytrichium (Perty) Rabenh , f (?) (PI XXXIX, 
Fig 15) — L body 47 p f w body 39-41 p Wet moss in pools 
Stas 130, Doctors Hill , B 6, St Johns 
The subacute sinus open, the spines 3 5 m long, in aspect these 
plants tended toward *8 pilomm of Carter (1923, PI 138, Fig 3), 
but see Heimans (1926), the lateral angles from side view were 
more rounded and the apex was too curved for S Bribissonn 
trunaatum Grdnbl&d (1926) 

Staurastrum protect! m W A G S West, near var planctonicum 
G M Smith — L body 23 p, w max 43 p f w body 28 p 
Pool Sta 122, Pomte Riche 


gmibus Into rail bus paJlulo curvatu vtx asperatto, suiu late aperto, acuto Long 
max 42 p, long oorp 26 p f lat max 48 p t lat corp 30 p lat Isth 7 5 p New- 
foundland in loeo dicto Lookout Mt , legit Bayard Long 
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Small, and relatncly short for Smith’s Wistonsin \ariety 
(1924a) 

Staurabirum punciulatum l)e Br£b (PI WVV, lug 8) — I 
28 34 fx, average 31 fx, w 26-11 fx, aver igr 29 ju, isth 9 0 9 5 jx 
Ditches, pools, boggy slopes, and chffw Stas 129, Doctors Hill, 
140, Lookout Mt , 102, 103, Mclvers fo\e, h 6, Great Bira- 
(hois, B 24, 28, VVhitbourne, B 6, 9, bfc Johns 

StAI RAS1HUM POM Tt LA TOM ’l tlT Pl( MALUM (De Br< b ) W <fc G h 

West (PI XXXV, Pig 7) — L 37- 38 ju, w 23 33 fi Mohwk on 
viet slop*, and pool Stas 129, HO, Doctors Hill (frujuuit) 
StAURASIUIM 1 \RAM1DATUM W West (PI XWllI, lug 10) L 
48-51 ju, w 40 41 /x Ditch bta B 28, Whit bourne 

Ihcse cells wen distinctly flattened at the poles Smct this 
is the distinguishing feature in contrast to S muuratum the 
present name is applied, although in size the plants, being rather 
small, seem nearer to the latter species 
STAuiiAsmuM qitaokispinatum Turn (PI X\Y\, lug 2) — L 
max 28 42 ju, 1 body 23 24 fx, w max 35-41 fx, w body 18 19 fx, 
isth 9 5 fx Pool bta 146, Lookout Mt 
These plants agree excellently in shape, but are smallei than 
the British (( arter, 1923) ones 

SrAi T RA«TRUM Ravi-ni-llii Wood — L 34 -3b Mt h 32 40 ju, i«th 
9 5-11 0 /u Ditch bta B 28, Whitbourne 
S tauras t rum Rom a Nonlst (PI XXXVII, Fig 8) - L 48 fx, 

w max 80-105 fx } \s body 28 /u, isth 17 \x Pool bta 140, 
Lookout Mt 

Ihe papillae of the central area are hardly truncate m this 
material, Smith (1924a) and Wollc (1884) find theirs truncate, 
but the Wests (1896) do not 

Staurabtrum Skbaldii Remsch v ar ounatum Nordst (PI XXXIX, 
Fig 16) — W 11*5 /u, iHth 20 ju Wet moss bta B 6, St Johns 
Staurastuum sf tig h rum C leve (PI XXXIV, Fig 10, PI XXXVII, 
Fig 7) — L max 47 fx, 1 body 41 fx, w max 40 \x> m body 27 fx 
Pools Stas 122, Pomte Riche, F 8, Grandys Brook 
Differentiation of the spines at the cell angles Mas not very 
pronounced m this material, and the cells were small 
Staurastuum sibiricum Borge \ ar occidkntale W AO b West 
(PI XXXIV, Fig 6) — L max 28 fx } * body 24 ju, w (arm to 
face) 28 fx , isth 11 m Wet moss Sta 130, Doctors Hill 



198 Wm Randolph Taylor 

Staurasteum Simony! Heim — Pool Sta 146, Lookout Mt 
Staurasteum stkiolatum (Naeg ) Arch (PI XXXV, Fig 5)* — L 
16-22 p t w 18-21 p Poole Stas 140, Lookout Mt , B 26, 
Whitboume 

Staubastrum subcruciatum Cooke A Wills (PI XXXVI, Fig 6, 
PI XXXIX, Fig 14) — L max 31-35 p, 1 body 22 5-26 p, 
w max 35-42 p t w body 25-28 p t ieth 7 5 m Pool Stae 119, 
Ingornechoix Bay, 122, Pointe Riche. 

The first specimen figured has an extreme reduction of the 
narrowed am tips They were sometimes more attenuate and 
typical In one case the dorsal spines were all cleft at right angles 
to the first forking 

Sta ubastk tjm suburaciwumum WAGS West — W max 50- 
65 p f w body 12 p t 1 15 p t isth 5 6 m Pools Stas 119, 
Ingornechoix Bay, 140, Lookout Mt 
Staurastrum burn udibr achiatum WAGS West, var (PI 
XXXV, Fig 20) — L max 24 M> i body 13 p, w max 30 m> w 
body 9 p Pool Sta F 8, Grandys Brook 

The forms in Figures 20 and 21 seem to have little m common, 
but West (1899) admits to S brachiaium plants with two- and 
three-angled apices, and obtuse or acute sinuses However, since 
the shape agrees far better with that of 8 8vbn\d\brachudurn t the 
present specimens are assigned to it, in spite of the difference of 
size, which would have a contrary significance 
Staurasteum bubscabbum Nordst, near f scabrior W West 
(PI XXXV, Fig 1) — L 34-48 p y w 36-47 p y isth. 12-13 p 
Pod and ditch Stas, 140, Lookout Mt , B 28, Whit- 
bourne 

The spines on the material of Station 140 were fewer and 
coarser, more truncate or bidentate, than those of the figure, and 
the cell angles were more rounded 

Staurasteum TKiapsRUM Ralf« (PI XXXV, Fig* 3) — t L. 40-47 p y 
w max, 32-52 p , w body 28 5-43 p t iSth 14 p Pools Stas 
122, pomte Riche, 119, Ingornechoix Bay, 146, Lookout Mt, 
F 8, Grandys Brook 

Staurastrum tbtracbrum Rails (PI XXXV, Fig 12) — L max, 

» 28-31 p t 1 body 8 5 p t w max 22-32 m* Pools, Statu j 118, 
St John Bay, 119, Ingornechoix B*y, 146, Lookout Mt 
Staurasteum tstracbrum f trioonu* Lund {Pi XXXV, Fig. 13) 
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— L max 95-30 m, 1 body 10 m, w max 24-28 m, w body 7 5 m 
P oole Stas 119, Ingomechoix Bay, 140, Lookout Mt 

Staurastrum vejstitum Ralfs (PI XXXVI, Fig 12) — L 24 m, 
w 60 m PoqLs Stas 140, 146, Lookout Mt 

Euastrum Ehrenb 

Euastrum abruptum Nordst f minus W <fe G S West (PI 
XXXIX, Fig 1) — L 22-28 m, w 18-22 m> isth 4-5 m Pool 
Sta B 26, Whitbourne 

This material resembles the Wests* E denticulatum (1905) in 
their Figure 4 only, Nordstedt (1908) suggests that the type of 
the form may belong there 

Euastrum At-tamr Cushm (PI XLI, Fig 5) — Ceil about twice 
as long as broad, cell ends abruptly narrowed, rounded, pro- 
jecting, with linear incision, semicells nearly rectangular at the 
base, with a slight undulation just beyond , sides with two marked 
clefts, approximately dividing the distance below the contracted 
apex into thirds, the more basal about half as deep as the other, 
acute but widely open, the other cleft deep and acute, open 
without but nearly linear toward its apex, width greatest across 
the upper lateral lobes, less across the basal angles, faces with 
three rounded conical swellings near the base of the semicells 
and projecting toward the isthmus, wall thick, coarsely to finely 
punctate, with the punotations m irregular longitudinal rows 
near the median line, but scattered and smaller elsewhere, and 
one marked sorobiculation in the median line immediately above 
the suprabasal cleft, polar view irregularly oval, about two thick- 
nesses in width, with three low swellings on each face, the edges 
of the lobes rounded or somewhat flattened, edge view of semi- 
oells rounded-conical, very slightly contracted above the amus 
and markedly contracted toward the end L 119-117 m> w 
51-60 Mi th 24 M» i*th 13 m Fools Stas ! F 6, Great Barachois, 
F 8, Grandya Brook The type locality is Roae-au-Rue, also on 
the southern coast of Newfoundland, whence this plant was re- 
ported by Cushman (1904, 1907) 

The original description took no cognisance of lateral supra- 
Sinusoidal swellings on the cell face, and designated the aupraisfch- 
ndal swelling as larger than in the present material, the punctu- 
ation of the trail is also newly reported 
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Euastrum ampullac bum Ralfs (PI XLII, Figs 2-3) — L 85-08 p, 
w 52-62 p f isth 13 p Pools Stas 140, 146, Lookout Mt , 
t 8, Grandys Brook 

Euastrum ansatttm Ralfs (PI XL, Pig 19) — L 115 /u, w 49 p, 
th 36 m, isth 13 p Pool Sta B 2b, Whitbourne 
The Newfoundland plants are considerably longer and thicker 
than the Wests (1905) allow, but not dissimilar in proportions 
or surface features Wolle's figures (1892, PI 28, Figs 8 10, 
PI 33, tigs 11-12) can hardly represent the same thing, but 
without surface features it is hard to be sure In marginal con- 
tour they look more like what is here ascribed to E dulelta be- 
cause of distinctive surface characters Fremy (1930) shows a 
much smaller plant w ith narrow basal angles and a higher-placed 
lateral swelling 

Euastrum bidbntatum Naeg (PI XXXIX, Fig 10, PI XL, tig 
13, PI XLI, fig 1) — L 43 60 p, w 30-43 p, isth 5 0-9 5 p 
Ditches, pools, and wet slope Stas 135, Pomte Riche, 129, 
Doctors Hill, 102, M cl vers Cove, B 26, Whitbourne 
Some of the material, which was quite variable, showed tend- 
encies toward rows of granules on the central protuberance in- 
stead of the rosette arrangements The specimen on Plate XLI, 
figure 1, shows the strong scrobiculations just above the basal 
swelling, which the Wests (1896) find marked in their somewhat 
similar E evoluium Tho Bpecnnen illustrated in Plate XXXIX, 
Figure 10, is very like Boldt's E elegant spectosum (1888), which 
Nordstedt (1896) suggests may belong under E bidentatum It 
is possible that the writer has had a mixed group of species under 
observation 

Euastrum binalu (Turp ) Ehrenb (PI XL, Figs 1-3, 18) - L 
17-20 p, w 14-17 5 p } isth 4 p Pools Stas 130, Doctors 
Hill, 146, Lookout Mt , F6, Great Barachms, F8, Grandys 
Brook, B 26, Whitbourne 

There was a good deal of variation m the width of the polar 
lobe and in the shape of the basal angle, such that forms like 
Figure 2 approach forma htans The central protuberance was 
often obscure, but could generally be confirmed (Fig 1 ) 

Euastrum binalk, near f mans W West (PI XXXIX, Fig 3) — 
L 21 p t w 15 5 p f isth 3 5 p Pool Sta B 20, Whitbourne 

Euastrum binalk var Gutwinskii Schmidle (PI XL, Fig 4) — 
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L 20-30 /i, w 15-21 ix s th 13 \x Ditches and pools Stas 102, 
Mchcrs Cove, F 6, Great Barachois, B 21, 28, Whitbournc 
The basal angles of the form figured are unusually markedly 
tricrenafe 

Kuastuum Bonnrn Schmid le, var jbtnmgchon ok um Grdnblad, f 
(PI XXXI X, Fig 4, PI XLIII, Fig 3) - L 23 26 ju, w 18- 
21 ju Pools Stas 146, Lookout Mt , F8, Grandys Brook 
This plant appears to differ from those of Grdnblad (1921) in 
a greater prominence of the surface granults, notably those of 
the dorsal margin, in this resembling his drawings of the species, 
the granules on the species type are prominently figured and 
one or two granules are reported above the isthmus, but the 
Newfoundland plants are smaller than those of Schmuilo (1896) 
The Wests (18966) did not accept the species Boldin as distinct 
from E derUiculaium (Kirchn ) Gay 
FuASTitnM coRNfiBiENsR W & G S West, f (PI XL, 8) — 
L 27 30 At, w 17-21 Ab th 8 5 /*, isth 3 6 4 0 ft Pools Stas 
112, St John Bay, 122, Pointe Riche 
These plants on the basis of the face view might be referred 
elsewhere, but the circumscribed facial nodule differentiates them 
from forms of E inmlare and the rounded oval form in polar 
view from forms of E btnaU , which is thinner toward the margins 
Borge's Cosmanum venustum var (1909) is also marginally thinner 
and has more sloping sides and less of an apical notch 
Luastkum crassum (De Brtb ) Kg - Pools Stas b 6, Great 
Barachois, l 8, Grandys Brook 
In part the wall was coarsely rather than finely punctate 
Exjastrvm cuabsum var scrobici? latum Lund (PI XL, Fig 20, 
PI XXIU, Hg 11) “ L 140 150 w 75 79 m Pools Stas 
146, Lookout Mt , I 8, Grandys Brook 
Euastkum utneatum Jenner, var (PI XL, lig 21) — Specimens 
larger than usual, four or five pyrenoids to each semicell, wall 
thick, internally slightly pitted at the incrassate angles, surface 
punctul&tions obscure, ratio of length to breadth 2 07 1 L 
141-156 Ab w 69-77 Ab w polar extremity 34 Ab isth 17 n Pools 
and wet moss Stas f 6, Great Barachois , B 22, Whitboume 
Though this form is suggestive of A 1 Jorge 'a var elongatum 
(1930), there does not seem to be enough difference in relative 
dimensions, or m absolute size, to make a separate name necessary 
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Euastrum cuspidaium Wolle (PI XLIII, Figs 1, 9) — Cell body 
small, about one third longer than broad, semicells three-lobed, 
the polar lobe obtusely cleft into slightly divergent segments, 
angular truncate, the lower and inner angles with one or two 
small spines, the upper angles each with one larger spine, inter- 
lobular incisions rounded subrectangular, sinus linear, slightly 
enlarged within, the basal angles rounded obtuse, the sides di- 
verging slightly beyond the emus, lower lobes with one stout 
spine outwardly directed at the upper or outer angle and two or 
three smaller spines above it, also a small spmule on the basal 
angle, face with an erose elevation in the median line about two 
fifths of the distance from the isthmus to the apex, and nodules 
or small spines near the basal and polar angles L 30-34 ju, 1 
over spines 38 ju, w 24 ju, w with spines 30 ju, isth 4 5-5 0 ju 
Pool Sta F 8, Grandys Brook 
In ascribing this Newfoundland material to Wolle's species 
(1884) the vagueness of his figure was discounted, but there is 
little doubt that the determination is correct As it is redesenbed, 
recognition of the surface characters is especially important, and 
the figures emphasize minor features of contour quite neglected 
in the earlier descriptions The type locality is Absecon, New 
Jersey 

Euastrum didelta (Turp ) Ralfs (PI XLII, Figs 1,6) — L 81- 
140 p, w 44-80 p t th 28-45 ju, isth 10-14 ju Pools and ditches 
Stas 140, Lookout Mt , B 21, 26, 28, 29, Whitboume 
Some of the material showed more pronounced lateral sinuation 
than does Figure 6, but it intergraded with the type of Figure 1 

Euastrum divaricatum Lund — Reported by Cushman (1907) from 
St Anthony 

Euastrum douiformk W & G S West, var (PI XXXIX, Fig 7) 

— L 44 Mi w 28 ju, isth 7 5 ju Pool Sta 112, St John Bay 
The apex of the Newfoundland form was more sloping and 

the sides were more indented than in the original, and it was 
nearly smooth 

Euastrum eleoans De Br6b (PI XLIII, Fig 4) — L 28-20 ju, 
w 17-19 ju Pools Stas 119, Ingornechoix Bay, 146, Look- 
out Mt , 148, The Tableland, F 8, Grandys Brook 

Euastrum elegans var ornatum W West (PI XLIII, Figs 

— L 36-45 ju, w 22-24 ju, isth 4 5-4 7 ju Pools Stas 
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Ingornechoix Bay, 146, Lookout Mt , F6, Great Barachois, 
F 8, Grandys Brook, B 26, Whitbourne 
Euastrum riesuM W West var ameiucanum Cushm — Reported 
by Cushman (1907) from St Anthony 
Euasthum gkmmatum De Br£b (PI XLIII, Fig 7) — L 40 m, 
w 42 p, th 26 ft, lsth 1 3 jli, w polar lobe 21 ju, th polar lobe 
18 m Pools Stas B 21, 26, Whitbourne 
Euastritm giganteum (Wood) Nordst var latum, var nov 1 (PI 
XLI, Figs 8, 8a) — Ceil very large, over two and one-half times 
as long as broad, semicells somewhat tapering, truncate, pole 
flattened, the cleft deep and closed, sides of sermcells gently 
convex or with a faint undulation toward the base, basal angles 
acute or barely rounded, sinus closed, three strong rounded- 
conical projections near the base directed toward the isthmus, 
edge view of scmicells slightly tapenng, somewhat turgid above 
the base, contracted below the apex, poles rounded, the marginal 
angles, lateral and central projections all visible, membrane very 
thick, punctate, the punctationa in irregular rows toward the 
center, becoming scattered laterally L 220 ju, w 80 ju, w poles 
35-45 p, th 66 ju, isth 28 fx Pool Sta F 6, Great Barachois 
These distinctive plants are probably near E gtganteum (Wood) 
Nordst , for that plant (Wood, 1873) has, os redesen bed by the 
Wests (1896), a very similar morphology, though it is relatively 
narrower and thicker Since the figures of Wood and of Wolle 
(1884) are inconclusive, and, so far as they go, different from 
the Newfoundland plants, it seems best to segregate the present 
material E brasthense, as described by Borge ( 1903) is a some- 
what similar plant, but one much smaller and with a character- 
istically different contour 

Evastbum humehosum Ralfs (PI XLI, Fig 9) — L 124-160 jut. 

* EuaHrum gxgatUeum var latum, var nov — C k Hula znagoa, 2\-\Aa longior 
quam orasaior, samioellulia gradatim versus aplccra angustatis, truncate, polo 
planatia, alto fiasuratw, ftaeura clausa, basi proieotiombua 3 validis rotundato- 
oonloia versus fethmura directifl omatia, scmioellulis asprutu acini i p&ulo angus- 
tmtia lateHbui paulo oonvexia vel prope basim subundulatiB, anguhe basalibus 
acutis vel vix rotund&tia, smu clauso, supra basim turgiduiaculw, Infra polos 
rotundatos contract!*, anguhs margmalibus nlamque prmeetlombus latoralibus 
et oentralibus omnibus visibilibus, membrana erassa, punctata, punctw versus 
centrum trregulariter lineanter ordmatis versus latera dlapersis Long 220 p, 
tat 80 p, lat pol 35-45 /u, crass corp 66 p, lat lath 28 m Newfoundland, m 
boo dicto Great Barachois, legit J M Fogg, Jr 
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w 60-81 p, th 47 p t isth 15 p Ditches Sfca 102, Mclvers 
Cove, possibly also at Sta 1%, Doctors Hill 

1 he surface swellings of the upper series seem rather near the 
isthmus in Figure 9 The plant * as very rare in the Newfound- 
land material and no comprehensive idea of it could be had 
Borge (1906) shows as f scrobiculaia a form rather like Figure 9, 
and (1930) material in outline rather like Plate XLII, Figure 8 
Allorge's material (1930) referred to this species is also rather 
like the present, with minor differences 

Euastrum inerme (Ralfs) Lund (PI XL, Fig 10) — L 53-58 p, 
w 32-40 p, isth 8 p Pools Stas 146, Lookout Mt , F 8, 
Grandys Brook 

Euastrum insiqne Hass (PI XLII, Fig 5) — L 119-124 p f w 
58 Ah w polar lobe, 28 p, th 30-36 p, mth 13 p Pools Stas 
F 6, Great Barachois, F 8, Grandys Brook 

Luastritm insign k Hass, f (PI XL11I, Fig 8) — L 112-114 p , 
w 59 61 p, w polar lobes 28-31 p , isth 13 p Pools Stas 
130, Doctors Hill , B 22, Whitbourne 

This form differed from the typical material m the greater 
width of its parts and in the pitting The pitting was very coarse 
indeed, although shallow, and was general, or limited to the 
angles and midfacial area The neck was much broader than in 
the typical plant, and often broader than figured The lateral 
lobes were also higher and dorsally more undulate, and the sinu- 
soidal maraillate projections broader The species is known to be 
variable 

Euastrum insular® (Wittr) Hoy (PI XXXIX, Fig 5, PI XL, 
Figs 5 6) — L 27-31 p, w 17-22 p t th 15 p t isth 4-5 p Pools 
Stas 112, 116, St John Bay, 119, Ingomechoix Bay, 125, 
Pomte Riche 

This in part differs from the Wests’ conception (1905) of the 
typical plant in that the polar lobe is less pronounced and the 
basal angles are more rounded (resembling their PI 40, Fig 14), 
and even more from that of Johnson (1894) which, but for the 
lack of the facial papilla, has much resemblance to what the 
writer assigns to E comirtnense , f 

Euastrum intermedium Cleve var vaudum WAGS West 
(PI XLII, Fig 4) “L 75-88 p, w 41-54 p, isth 6 5-7 p 
Pools Stas 146, Lookout Mt , F 8, Grandys Brook 
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Euabtrum lapponicum Schraidlc (PI XL, lig 17) — L 42 ju, w 
29 p Pool Sta 146, Lookout Mt 
Schmidle’s figure (1898, PI 2, Fig 29) shows a plant with 
angles less acute and with the central \errucae nearly divided 
into four, distinctly smaller (L 36 p, w 24 p) than the New- 
foundland plants These are also a little longer than the plant 
known to Gronblad (1921, 38 p) and are without certain of the 
minor granules (particularly those immediately abo\ e tht basal 
angles), but are otherwise in good agreement 
Euabtrum montanum W & G 8 West (PI XXXIX, lug 2) — 
L 18-22 fx } w 15-16 5 p, isth 4 p Pool Sta 130, Doctors Hill 
In the initial survey this plant (somewhat small for the desig- 
nated species) was not adequately distinguished from E binah 
Gutmnskn , from which it appears (by the Wests' figures and 
data) to differ in a relatively wider and shorter apical lobe The 
cell width in E montanum is about 1 50 to 1 S3 times the width 
of the polar lobe, whereas in E bmale Gutmnskn the ced width 
should be 1 60 times the width of the polar lobe, in addition to 
the other differences 

Euabtrum obesum Josh — Reported by Cushman (1907) from St 
Anthony 

Euastrum oblonoum (Grev ) Haifa (PI XLI, Fig 7 , PI XLII, 
Fig 8 (f ), 10) — L 125 149 p % w 63-75 p t th 48 m, isth 19 p 
Pools Stag 148, The Tableland, B 21, Whitbourne 

The specimen represented by Figure 8 approaches var depau - 
peraium W & G S West 

Euabtrum oblonqum var cefhalophorum W West —Reported 
by Cushman (1907) from Bay of Islands 
Euastrum pectinatum De Br^b var brack ylobum Wittr , f 
xnajus, f nov • (PI XL, Fig 16) — Differing from the variety 
in its greater size and in having the protuberances of the upper 
angles of the lateral lobes submargmal, the polar lobe more elon- 
gate, its end angularly low-rounded, broadly retuse, with angles 
submarginally protuberant L 77-84 p t w 48-56 m, th 36-40/1, 
isth 10 m Pools Stas 135, Pointe Riche, B 26, Whitbourne 

* Euatirum pechnatum var brachytobum f msjus, f nov — A variet&te 
differt magnitude grandiore et eubmarginalibus angulorura superioruro loborum 
lateraliura protubemtiombus, lobo polari plus elongate apioe angulatim deprawo 
late retuao, anguli* paulum proloctw Long 77-84 g, lat 48-56 Mi enwa oorp 
86-40 M»lat lath 10 p Newfoundland, in loco da to Whitbourne, legit Belle Burr 
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Euasthum pectinatum var brachylobum f rostratum, f nov 7 
(PI XLI, Fig 4) — Differing from the variety in having the 
sides of the lateral lobes sloping toward the smus, the lower angles 
of the lateral lobes rostrate in the median lateral line, the pro- 
tuberanees of the upper angles of the lateral lobes obsolete, the 
polar lobe narrower, and the interlobular angles more rounded- 
obtuse, with the angles submargmally protuberant L 70 p, 
w 52 m> w polar lobe 22 /x> th 32 Mi isth 12 m Pool Sta 135, 
Pointe Riche 

Euabthum pectinatum var inevolutum W & G 8 West (PI XL, 
Fig 15) — L 60 fi, w 36 /x, th 29 m> isth 6 5 p Pools Stas 
122, 135, Pointe Riche, 119, Ingorneehoix Ray, 140, Lookout Mt 
A form very close to the Wests' conception except that the 
lateral protuberances of the polar lobe are somewhat confluent 
with the crest and that in some specimens the polar lobe is de- 
cidedly longer in relation to breadth 
Euastrum pectinatum var reductum, var nov • (PI XL, Fig 14) — 
Cells of moderate size, about one half longer than wide, semioells 
three-lobed, the interlobular angle rounded-obtuse, sides of the 
polar lobe sloping slightly toward the sinus at the surface, but 
sloping slightly from it m the median lateral line, smus acute, 
closed within, surface protuberances reduced to one low, broad, 
supramedian swelling, polar view showing the polar lobe as 
rectangular with turgid sides, the facial swelling as broad and 
low, the lateral lobes with three slight swellings on the ends, 

7 Euastrum pfchnatum var brachylobum f ro s tr atum , f nov — A varietals 
chffert margimbus fartaiibue loborum lateralium ad stoum angustatia et anguJis 
mferioribus loborum lateralium in lineam aoiei mediam rostratis, protuberatio- 
nibus angulorum aupenorum loborum lateralium obeoletii, lobis polaribua an- 
guationbus angulis senaim proicctia et angulis Interiobatis obvie rotundiuacule 
obtuais Long 70 Mr 1st 52 p, lat lob pol 22 m> erase corp 83 m» lat* ietb 12 m* 
Newfoundland, in looo dicto Point© Rich©, legit Bayard Long 

• Eua&trum pectinatum var reductum, var nov — CeUulae mediocre©, di- 
mldlo longiores quam iaUoree, semicellulis trflobatis, angulia interfobaiis rotund© 
obtuala, laterlbu* Ibbi polana eupcrfidaliter senaim versus suram obliquatis sod 
lateraliter (In line* media laterali) versus apicem obliquatis, ainu Unean, extus 
dilatato, superficial protubcratione una sola depress©, lata supramediaJi, semi- 
oeilulis aapectu polar} ©xhibentibus to bum polarem rotunda reetangnhun, protu- 
beratiorwsm latam dcpressamque, et lobos lateral©© apice gtbboaitatibus 8 depresns 
orcatos, membrane vel fere laevi vcl evidenter et dense punctata, somatibui 
pyrenoideis in semioeUula singulis Long 50-70 Mt Ut 85-44 m« erase corp 
22-28 Mf 1st isth 85-11 5 p. Newfoundland, to loco dlcto Point© Riche, legit 
Bayard Long 
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membrane nearly smooth to clearly and closely punctate, py- 
renoid single in each semi tell L 50 70 jx, w 35-44 pL f th 22- 
28 fx t isth 8 5—1 1 5 m Pools Stas 122, (type) Pomte Riche, 
148, 1 he 1 abldand 

This vanety differs from the speties in limitation of surface 
protuberances to the central one in the slightly different shape 
of the polar lobe and the increased punt tat ion of the w all of 
some individuals No mtergradmg with the type was observed 
Boldt's var lagmale (1888) shows surf tcc protuberanas lacking 
in the present vanety, and is particuhily different whin viewul 
from the edge of the cell 

Kuasthum pic him Bprg var subukctanc itlaiif \Y At G S West, 
f (PI XL, Fig 12) — * L 70 p, w 52 p, isth 8 5 /a Pond feta 
116, bt John Bay 

Difficult to place, this form showH much in common with the 
vanety designated, and recalls the Wests' note (1005) upon a 
connecting form with E bvdentatum 
FtTASTRUM pingue Elfv (PI XXXIX, Pig 9) — L 58 jx, w 10 fx, 
isth 17 3 p Pool feta 146, lookout Mt 
Euastrum pinnatum Ralfs (PI XLI, Pig 2) — L 136 /u, w 72 m, 
isth 21 jx Pool Sta 146, Lookout Mt 
Euastrum pinnatum, f (PI XLI, Pig 6) — ( ell large, more than 
twice as long as broad, semicell five-lobed, the polar lobe wide 
and flattened, slightly concave on each side of the linear polar 
cleft, ends rounded-acute, the upper interlobular incision rounded- 
acute, the upper margins transverse, lower sloping (the widest 
region of the ceil), lower lateral lobes rounded-acute, sloping 
from the closed sinus to the broad obtuse-rounded angular lower 
interlobular incisions, surface protuberances large, rounded- 
conical, three on each face, one median directed toward the 
isthmus, two lateral, outwardly and upwardly directed, extend- 
ing slightly beyond the upper side of the lower lateral lobe, end 
view showing the polar lobe deeply rounded-cleft in the m id- 
lateral line, slightly thicker toward the edge than toward the 
incision, upper lateral lobes deeply and more acutely rounded- 
cleft m the inidlateral line, lower lateral lobes not cleft, but 
somewhat rounded-acute toward the margin, the middle pro- 
tuberance rounded from above, the lateral protuberances (which 
would make the lower lobe appear somewhat threc-lobulate from 
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above) obscured by the upper lateral lobes, edge view sub- 
rectangular, somewhat tapering from the base but dilated at the 
apex, membrane smooth to slightly punctate-erose at the thick- 
ened angles L 160 m> w polar lobe 63 m# w upper lateral lobes 
77 m» w basal lobes 75 ju, th 50 m> isth 25 m Pool Sta F 8, 
Grandys Brook 

This plant differs from E ptnnalum in that the lower lateral 
lobe is not retuse-rectangular in face view, but slopes sharply 
from the sinus, and instead of low erect swellings the lobe bears 
large oomeal projections which extend obliquely beyond the upper 
margin The absence of the two upper median swellings may be 
distinctive, as is also the greater relative width of the upper 
lateral lobes From E muUtlobalum Wood (1873) it is distin- 
guished (if his drawing is correct) by the presence of a polar 
incision and by the basal protuberances, as well as the shape of 
the lateral lobes, however, the accuracy of his observations may 
well be questioned, and he also may hav e had E pmnatum under 
observation With the cbloroplasts intact, a very slight rotation 
of the cell on the longitudinal axis would have obscured the polar 
cleft 

Euastrum pulchbllum De Br6b var bbtubum WAGS West, 
f (?) (PI XXXIX, Fig 6, PI XLIII, Fig 2) — L 32-34 m, w 
24-28 fi Pools Sta 140, Lookout Mt 
The apical lobe is rather wider than in E pukhellum, and the 
arrangement of the granules on the central protuberance is dif- 
ferent, however, the variation in the material was considerable 
In spite of these features and the small size the writer is inclined 
to consider this material related to E pukhellum, with suggestive 
resemblances to the variety named 
Euasthijm sinoosum Lenorm var kiductum WAGS West, 
f (?) (PI XL, Fig 9) - L 65 Mi w 40-42 p, isth 12 m Pool 
Sta 146, Lookout Mt 

The Wests (1905) do not mention the presence of small scrobic- 
ulations between the swellings in their form of this plant, but 
these were quite distinct m the Newfoundland specimens 
Eoastrum suBHEXAiiOJruu WAGS West (Pi XL, Fig 11) — 
L 40 Mi w 24 m Pool Sta 146, Lookout Mt 
Very rare and incompletely studied See Wests' paper (1898), 
p 287 
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Euabtrum tuddalense Str0m var novae-terrae, var nov • (PI 
XLI, Fig 3) — Celle very small, about one fourth longer than 
broad, semicells three-lobed, the polar lobe twice as large as the 
lateral lobes, with an open apical notch and small apicuh at the 
outer angles, interlobular incisions somewhat rounded, nearly 
rectangular, lateral lobes somewhat squared, slightly retuse, angu- 
lar at the margin, surface with nodules or apicuh midway of the 
ends of the polar lobes on each face below the outer polar angle, 
and below the upper angle of the lateral lobes, also a large round- 
mcrassate and flattened protuberance near the center of each 
semicell, in polar view the lateral margins of the polar and lateral 
lobes crenate-granulate, the midiateral protuberance prominent 
L 19 Mi w 15 p t th 12 2 p over protuberance, 7 p without 
protuberance, isth 4 5 /x Pool Sta F 8, Grandys Brook 
Borge (1930) describes a form of this species which, except for 
the midfacial protuberances, has vague surface details 
Euabtrum Turneri W West, f (PI XXXIX, Fig 8) — L 44 p t 
w 30 p, isth 9 /x Pool Sta B 26, Whitbourne 
This material differs from the Wests' figures (1905) in having 
a coarser granulation on the central protuberance and somewhat 
fewer granules over the rest of the cell surface 
Euabtrum validum WAGS West (PI XL, Fig 7) —L 27 p f 
w 20 |x, isth 3 p Pool Sta 146, Lookout Mt 
Euabtrum ventricobum Lund (PI XLII, Fig 9, PI XLIII, Fig 
10) — L 107-173 /x, w 65-103 p, isth 17-21 p Pools Stas 
146 , Lookout Mt , F 8, Grandys Brook 
Euabtrum verrucosum Ehrenb (PI XLIII, Fig 12) — L 95 p, w 
77 p, isth 17 p Pool Sta B 21, Whitbourne 
Euabtrum Woleei Lagerh , var (PI XLII, Fig 7) — Cell large, 
about one half longer than wide, semicells somewhat truncate- 

• EuatUrum tuddalem « var novae-terrae, var nov — Cellulae minima* 
quart* longioree quam latioree, Bemioellulia trdobatie, lobo polon duplo gran- 
diori quam latcrabbua, apioe aperte emarginatia, ad angulos exterionbus api- 
culatls, valliculia intcrlobatia aubrotundis, fere rectangulis, lobie lateralibua 
subrectangulis, paulum retuaie, angulis trunoatis, superficle utrinque prope 
apices loborura polarium et infra angulum superiorum loborum lateralium 
noduloaa vei apteuUta, etiam cum rotundata moraaeafca depreasa protuberatione 
prope acmicellulae oentrum praedita, semioellulia aapectu polari exhibentibus 
m&rgines lateral** crenate granulafcas loborum polarium at lateralium et gibbo- 
eltatem midlater&lero prominentera Long 19 p, lat 15 m, craw corp 12 2 /x, lat 
isth 4 5 p Newfoundland, m loco dicto Grandys Brook, legit J M Fogg, Jr 
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pyramidate, with dilated apex, apical lobe broad, rounded, 
slightly concave on each side of the narrow apical cleft, sides 
below the apical lobe sharply contracted to a rounded inter- 
lobular incision, sides below this incision straight or slightly 
undulate to the acute ends of the lateral lobes, sinus closed 
within, becoming open laterally by reason of the curved form of 
the lower margin of the semicells, surface with two large rounded 
protuberances on the face about one third of the distance from 
the isthmus, membrane heavy, mcrassate at the angles, deeply 
pitted, especially at the angles, pits in somewhat longitudinal 
rows near the upper center of each semicell, otherwise as m the 
species L 180 p, w 120 p, w polar lobe 62 w subpolar neck 
43 p> isth 30 p Pool Sta 146, Lookout Mt 
The sinus narrowed midway and closed within, the sharp 
lateral lobes, broad polar lobe and isthmus, two facial tumors, 
and a length of one and one-half times the width are characters 
not conjoined in the published forms of this deBimd, but since 
only a few individuals were seen no special designation is given 

Tetmemorus Ralfs 

Tetmemorus Brebissonii (Mcnegh ) Ralfs (PI XLIII, Mgs 16-17) 
— L 205 220 p, w 41 43 p f wall with longitudinally elongate 
and seriate punctae Pools Stas 130 Doctors Hill, F 8, 
Grandys Brook, B 27, Whitboume 

Tetmemorus Brebissonii var minimum W & G S West — Re- 
ported by Cushman (1908) from Rose-au-Rue 

Tetmemorus Brebissonii var minor De Bary (PI XLIII, Mg 15) 
— L 65 p, w 15-17 p Pools Stas 130 Doctors Hill, 146, 
Lookout Mt , F 6, Great Barachois, F 8, Grandys Brook 

Tetmemorus Brebissonii var turgidus Ralfs — Reported from 
Rose-au-llue by Cushman (1907) 

Tetmemorus granulatus (DeBr<*b) Ralfs (Pi XLIII, Fig 18) — 
L 240 p t w 28 m Pools Stas 140, Lookout Mt , F 6, Great 
Barachois, F8, Grandys Brook 

Tetmemorus granulatus var attenuates W* West (PI XLIII, 
Fig 13) — L 150 p, w max 30 p t w tipB 17 p t lath 26 p 
Ditch Sta B 28, Whitboume 

Tetmemorus laevis (Kg) Ralfs (Pi XXXIX, Fig 11, Pi XLIII, 
Fig 14) — L 70-120 p, w 18-24 p Dripping slopes, ditches, 
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and pools fetas 129 (frequent), Doctors Hill, 145 (frequent), 
Lookout Mt , 102 (frequent), Mtlvers ( o\t , 1 8, Grandys 
Brook, B 22, 24, 28, Whit bourne 

Mhrasieuias C A Kurd h 

Michastfriab am>ricana (Phrenb) Haifa (PJ XLV, Tig 5) —1 
150 p, w 120 p, lath 24 p Pool Sta 119, lngornefhoix Bay 

Micrabtuiias apioulata (Fhrenb ) Menegh - L 121 p, w 128 p, 
w base polar lobe 26 p, w apex polar lobe 37 p, isth 21 p 
Hills Sta 136, Eddys Cove 

Mickastfriab aphulata, near var bhachvptiua (Lund) W A 
G S West (PI XLV, Fix 6) — Cell of modi rate sm , semi- 
cell depressed-semicircular the polar lobe as Ion# as broad, pro- 
jecting beyond the general contour, contracted below the apex 
but otherwise with subparallel aides, apex ret use, angles bunu- 
cronate, face bimammillatc near the apex, lateral lobes about 
thnee successively divided, each lobule bimucrunaU, thv lobes 
not closely proximate, but incisions much narrower than the 
lobes, surface showing two spines on each lateral sinusoidal 
margin, membrane very obscurely punctulite L 1 iH p, w 
136 p , w and 1 polar lobe 42 p Pool Sta 135, Pointe Kiche 
Since this was seen in but few individuals, no idea of its varia- 
tion can be given It is too large and has a too broad -based 
polar lobe for var vartnrensis lum , which it slightly resembles 
It differs from the true fonn of var brachyptera m having a 
shorter polar lobe, a reduced armature of spines, and more dis- 
sected lateral lobes 

Micrast*rias apiculata var fimbria ta (Ralfs) Nordst (PI 
XLVIII, Fig 7) - L 236 p t w 206 p t w shaft polar lobe 38 ju, 
end 46 p , isth 25 p Pool Sta 119, Ingornechoix Bay 
The Newfoundland specimens show somewhat shorter spines 
and a more projecting polar lobe than is usual The width of the 
polar lobe differentiates this plant from Af papilhfcra \ ar glabra 
Nordst , which it slightly resembles 

Micrabteriab arcuata Bailey (PI XLIV, Fig 6) — I 93- 102 fx t w 
94-103 p t isth 12 p Pool Sta 1* 8 (frequent), Grandys Brook 
This very interesting species was reported by Taylor and Fogg 
(1927) Although there is considerable variation, the size range 
was not great, and all the material should be associated with the 
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original species of Bailey (1851) and not with var gracths Turner 
(1893), which is nearly 50 per cent broader than long and has 
more slender lobes The average width of several Newfound- 
land specimens was 95 p, except one individual which reached 
103 ju, and the average length was 97 p It should be noted that 
the arms do not taper gradually throughout, but though slender 
are obtusely rounded and distinctly aculeate See also the notes 
on M expansa 

Micrastiorias confbrta Lund (PI XLVI, Fig 3) — L 109-122 p, 
w 90-107 p t isth 15-17 p Pools Stas 146 (frequent), Look- 
out Mt , B 28, Whitbourne 

Micrastkrias conferta var novae-terrae Cushman (PI XLV, 
*ig 3, PI XLVIII, Fig 1) — L 113-150 p f w 90-113 M ,w polar 
lobe apex 35-47 p , base 10-21 p Pools Stas 145 (frequent), 
Lookout Mt , F0, Great Barachois, F8, Grandys Brook 
The association of Cushman’s variety (1904) with M confer ta 
is not convincing to the present author The form resembles 
rather Wolle's M spectosa C1896), differing in a marked broad- 
ening of the polar lobe and increased breadth of the lateral lobe 
segments The specimen illustrated on Plate XLVIII does not 
quite reach Cushman's type in the width of the end of the polar 
lobe and has a somewhat narrower sinus, but agrees otherwise, 
and many plants agreed in all respects The wall was granulate 
m most specimens, but perhaps this was not normal, on quite 
smooth individuals a few spines appear near the lateral margins 
of the polar lobe and the adjacent lateral lobes 
A very curious feature of the material from Station 145 was 
the fact that the cells were m part heavily coated with a brownish 
granulate crust, supposedly an iron compound This also oc- 
curred on some of the material of M conferta , M fohacea, and 
M radtosa At Station 145 the cells were sometimes deformed 
by the distortion of the spines, obliteration of surface characters, 
and reduction of marginal incisions This malformation appeared 
to affect certain species in a sample only, leaving most of the 
plants in good condition The appearance was close to that 
figured (M papiUtfera verrucosa) by Schmidle (1898) 

Miorasterias dentictjlata De Br4b — Reported by Cushman 
(1907) from Bay of Islands 

Micrastehias sxPANSA Bailey (PI XLIV, Fig 4, Pi XIVII, 
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Pig 1) — L 56-105 p f w 47-103 p, isth 9-13 p Pools Stas 
140, 146, Lookout Mt , F6 (frequent), Great Barachois, F8 
(frequent), Grandys Brook 

A very interesting alga reported by Taylor and f ogg (1927) 
The size range was very marked, but individuals over HO p long 
were scarce The average length was 73 5 p, width 70 4 p f isthmus 
11 p In the larger individuals a slight resemblance to M arcuata 
occurs, but the present species has the basal lobes somewhat in- 
flated below, and strictly divergent, with the upper sides straight 
rather than upcurved, the polar lobe is also relatively narrower 
at the apex It is to be noted that the ends of the arms are 
rounded and aculeate, for in Bailey’s paper (1851) they are 
simply described as acute, m characteristic individuals the apical 
depression in the polar lobe is seen to be distinctly roughened 
The polar lobes in one individual were tnradiate Borge (1918) 
follows Nordstedt in assigning his plants to M arcuata as a 
variety, but this does not appeal to the present writer as an ade- 
quate recognition of the differences between the types Borge’s 
Brazilian specimens wero smaller and somewhat simpler in con- 
tour than the northern individuals, and several variants not 
represented in Newfoundland are distinguished 
Micrasterias fomacba Bailey (PI XLIV, Fig 3) — L 65-69 p t 
w 86 M Pools Stas 140, 146, Lookout Mt 
According to Donat (1931), this plant appears to have a rela- 
tively southern (and especially south Asian) distribution, so that 
this record is a rather isolated one 
Micrasterias Jbnneri Ralfs, near var simplex W West (PI 
XLIV, Fig 2, PI XLV, Fig 4) — L 160-170 p t w 109-117 p, 
isth 10-22 p Pools and ditch Stas F6, Great Barachois, 
F 8, Grandys Brook, B 28, Whitbourne 
These specimens differ from the variety m their slightly greater 
size and more deeply retuso lateral lobes, but Gronblad records 
deeper Indentations in this plant than do the Wests* 
Micrasterias Johnson*! W & G 8 West var bipapillata, var 
nov 19 (Pi XL VIII, Fig 5) — Similar to the species, but differing 

11 Mwraetena* Johnsont\ var bipipillata, var nov — Formae typicae smulia 
•ad varietas differt gpinis temin&libufl brevionbua in lobos latcralea et defcotu 
aplnaruxn m loborum auperficiebus, proiectionibUB 2 Bilbao uloatis mamillatia 
utrinque versus apioem lobl terminal li, et magnltudine minora Long 250 n, 
1st 240 m Newfoundland, in loco die to Lookout Mt , legit Bayard Long 
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in having shorter terminal spines on the lateral Jobes* no spines 
on the margins of the lobe faces, in having two mammillate- 
subaculeate projections on each side of the terminal lobe near 
the top, and in being slightly smaller L 250 p, w 240 p Pool 
Sta 140, Lookout Mt 

Micrastkriah obcitans Haifa (PI XLIV, Fig 7, PI XLVIII, 
Iig 8) — L 150 ju, w 145-14$ ju, th 60 p Pools Stas F6, 
Great Barachois, 1 8, Grandys Brook 
The Wests (1905) mention observations to the effect that 
Ament an representatives are wider than British, these plants 
confirm their statement 

Micrasti* bias papillifeha De Br^b (PI XLVI, Fig 4) — L 
156 p, w 141 ju, istb 21 ju Pools Stas 145, Lookout Mt , 
B 21, Whitbourne 

The spines bordenng the mciBions were very pronounced m 
at least part of the material On the lower half of the specimen 
illustrated the marginal spines were twinned at right angles to 
the frontal plane 

MlfRASltRUS PAPILLIFEHA, f (PI XLVI, Fig 2) — L 150 P, W 
135 (i, isth 18 p Pool Sta F 8, Grandys Brook 
Reduced facial spines and a close approximation of the lateral 
lobes, with a rather broad and rounded polar lobe, make this 
form uncertain of assignment 

Mn rasikrias papillifera var GLABRA Nordst , f (PI XLVI, 
Fig 1) — L 160 p , w 130 p Pool Sta 146, Lookout 
Mt 

Mickastkrias pinnatifida (Kg) Haifa (PI XLIV, Fig 5) — L 
65 p, w 67 p Pools, nils, and wet rocks Stas 119, Ingorne- 
choix Bay, 122, 135, Pointe Riche, 140, Lookout Mt 

Micrastfrias radiata Hass (PI XLV, Fig 1) — L 197 p, 1 polar 
axis 132 p, w 170 p, w base polar lobe 23 ft, isth 19 p Pool 
Sta 140, Lookout Mt 

Micrabteriab radiata Hass var gracillima G M Smith (PI 
XLIV, Fig I) — L 177-190 p % w 160-170 p t isth 15 p Pool 
Sta 146, Lookout Mt 

Micrasterias RAorosA Haifa, f (PI XLVIII, Fig 6) — L 173 p, 
w 165 p In wet moss Sta B 6, St Johns 
Somewhat anomalous in its short polar lobe, so that it suggests 
M paptlhfera glabra , this material because of its well-separated 
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lateral lobes and resemblance to Smith's figure (1921, p 46) is 
tentatively associated with M radiom 

Micrastbrias radioba var oknata Nordst (PI XLVIII, >ig 4) 
— L 210 ju, w 201 ju, w base of polar lobe, 22 jlc, top $8 ji 
Pools Stas 148, The Tableland, R 21, Whitbmirnc 

MlCKASTFRlAB RADIOSA \ar ORNATA f * LBOANTIOR (t S West 

(PI XLV, Pig 2, PI XLVII1, Fig v - L 104 ju, w 104 fx 
Pool Sta 140, Lookout Mt 

There was a tendency toward suppression of the facial spines 
in this material, and the marginal aculei were often absent 

Micrastfriab 8PEU08A Wolle, f (PI XLV111, Fig 2) - L 114 pt, 
w 116 /u, isth 10 m Pools Stas h 6, Great Baraehois, h 8 
Grandys Brook 

According to Wolle’s figures (1802) there is considerable varia- 
tion in the length of the polar lobe The w nter's material approxi- 
mates the shorter habit, the angle formed by the lower sides of 
the expanded polar lobe is more acute in the Newfoundland 
material 

Micrasteuias Thom asian a Archer, var (PI XI A, Tig 7) —fell 
large, somewhat longer than broad, polar lobe hardly one fifth 
longer than breadth at apex, sides slightly concave from rounded 
apical angles, end concave with an abrupt rounded median cleft 
and two slight swellings on each face, lateral lobes cleft four 
times successively, the ultimate lobes ret use, angles rounded or 
barely acute, face of semi cell near isthmus bearing threo large 
projections directed toward the isthmus, the lateral mammiliate, 
the central three-lobed, the middle lobe broadly truncate, wall 
thin, minutely punctulate L 226 m, w 188ji, 1 polar lobe 73 /u, 
w 65 ft, base 30 p, isth 26 ju Pool bta F 6, Groat Baraehois 
This differs from M Thomastana in the reduced elaboration of 
the cell, especially of the basal projections, and the angle at which 
the projections are presented The Wests (1905) describe a 
greatly simplified form with basal projections almost eliminated, 
but in the present plant these differ in si*e and position from the 
form of the Wests’ 

Michastejuas triangc laris Wolle (PI XLV, Fig 8) — L 215 
w 178 w polar lobe apex 113 base 75 ju, 1 lobe 38 p, isth 
30 n Pool Sta F 6, Great Baraehois 
Thin material is not much larger than that of Wolle ’s citation 
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(1884), and since the contours seem about intermediate between 
his two figures, his name is tentatively adopted for the New- 
foundland plants 

Micrasterias truncata (Corda) De Br£b (PI XL VI, Fig 5) — 
L 101-110 p t w 05-108 p, isth 18-21 p Pools Stas 130, 
Doctors Hill, 146, Lookout Mt , F6, Great Barachois, F8, 
Grandys Brook, B 22, 28 (common) Whitbourne 
Variable, but since G S West (1890) has treated this varia- 
bility at length no special figures are given Associated but never 
intergradmg with the following variety 
Micrastbhias truncata var turgida, var nov 11 (PI XLVI, Figs 
6-8, PI XLVII, Figs 2-3) — Cells very slightly longer than 
broad, polar lobe broad, in length occupying about two fifths of 
the length of the semi cell, with a curved dorsal margin bearing one 
or two strong spines near the lateral angles, lateral lobes simpler 
than usual m this species, once narrowly and shallowly cleft, 
with single strong spines at the angles, polar incisions and isth- 
mial sinus nearly closed, polar view diamond-shaped, thick and 
rounded at the center, tapering directly to the acute margins, 
the ratio of thickness to width about 4 7, in edge view the 
semicells subcircular, centrally somewhat inflated L 60-72 /a, 
w 62-79 / u, th 42 p, isth 11-15 p Pools Stas 146, Look- 
out Mt , F 6, Great Barachois, F 8, Grandys Brook, B 26, 27, 
28 (very abundant, the type station), Whitbourne n 

Sponoylosium De Br6b 

Spondylomum planum (Wolle) WAGS West (PI XLIX, Fig 7) 
— L 9 5-18 p, w 115-17 p Pools and stream Stas 118, 
St John Bay, 140, Lookout Mt , B 24, Whitbourne 

11 M\cradena$ truncata var turgid*, var nov — OUulae yix longiorea quam 
lattorcs, lobo polan Into, longftudme minus quam eeimceUulae dimidio, margine 
domali BplnJs 1 vcl 2 v&lidis props Angulos lateral® praedito, lobie later&libua 
quam m forma specie! typica simplidoribus, anguste parumque bifidts, spinis 
singulis validis in angulia praedltis, incUlonibus polanbua et sinu isthnuaco 
fere olauaU, ceUula aspoctu pol&ri rhombea, oentro meraasata rotundata, a line* 
recta ad margin® acuta* obUquata, craasitudine plus quam latitudinis dimidio, 
semioelhibs aepectu aciali euborbicuUribus laterabter ad medium submflatia 
Long 60-72 p, lat 62-72 p, cram corp 42 p, lat isth 11-16 p Newfoundland, 
in loco dicto Whitbourne, legit Belle Burr 

* The writer is greatly indebted to Dr Rolf QrCnblad for advice regarding 
the disposition of this material 
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The sinus was less open in the material from St John Bay 
than m that from the other station* 

SroNDTLO»i0M ptTLCHBCM (Bail ) Arch (PI XLIX, *ig 8) —Cells 
moderately large, In compressed filaments, semicclls broadly 
oval, the polar area slightly elevated and flat, the lateral angles 
obliquely truncate on the upper side, the sinus deep, slightly 
open but acute withm, from polar view the cells expanded on 
each side of the central region, the expanded portion broadest at 
the middle, slightly truncate on the distal lateral faces, rounded 
at the extremities, from edge -view the semicells asymmetrically 
oval, more convex toward the acute open isthmus, more com- 
pressed toward the pole, membrane thm, minutely punctulate 
L 40 y, w 85 /*, w at poles 22 y, th , 12 y, th lateral lobes 28 y 
Pools Stas 112, St John Bay, 140 (frequent), lookout Mt 

Though no question arises as to the species to which these 
plants should be referred, the varietal assignment is not so easy 
If Wolle's var % nfiaium is identical with the type, this plant* 
differs only In a somewhat more median position of the great* st 
thickness of the lateral lobes, compared with Smith's figures 
(1924) the Newfoundland plants have wider and lower polar 
elevations and in polar view approach more closely to Borge's 
var braethense (1918), the chief difference being that his plants 
show & sinus even more linear within 

Sphaerozosma Corda 

Sphaekozobma Auberti an a W West (PI XLIX, Fig 9) — C ells 
small, forming long, compressed filaments, approximated at the 
poles and showing clasping projections close to the median line, 
semicells depressed-oval, the top faintly produced and flattened, 
with two small projections obliquely placed on opposite faces, 
the later angles of the semicells slightly depressed, sinus open, 
acutely rounded within, membrane showing two incurved rows 
of distinct plugged pores, the rows regular and pores well spaced 
L 21-23 y t w 28-32 y t i«th 7-8 y Pool Sta B 21, Whit- 
bourne 

The distinctions between this material, 8 Auberttana Archen 
(Gutw ) W A G 8 West and 8 vertebratum punctulatum, seem 
difficult to indicate According to Carter (1923), the latter plant 
has several rows of granules, as illustrated , Grdnblad (1920, 
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1921) illustrates forms with two rows Carter emphasises the 
relative length in establishing the distinction, which by the mean 
of her measurements is 1 1 27 for S verttbratum punctulatum 
and 1 1 5 for S Auberttam Archen, whereas Smith (1924) gives 
data for a ratio of 1 1 73 in his plants The Carter illustrations 
hardly agree with the text, for the ratio as taken from them is 
close to 1 1, approaching in but one case to 1 15 The present 
material shows a ratio of 1 1 36, perhaps nearer to 8 vcriebratum 
punctulatum , but the large and clear pores w two well-spaced rows 
and the greater cell size induce the writer to retain the material 
in S Auberttam , particularly in view of the largo size of Smith's 
plants and GrOnblad’e discard of var Archen (1931) 
Sphaerozosma excavatum Ralfs — Reported by Cushman (1907) 
from St Anthony 

Sphaerozosma oranulatum Roy & Biss , var — Colls very small, 
forming long, compressed filaments, approximated at the poles, 
the clasping projections not evident, semicells obcomcal, rounded 
at the lateral angles, the sinus open and rounded, membrane 
bearing granules near the angles and on the margin, about six in 
evidence on each side of each eemicell L 15 p t w 11-13 pt, 
isth 5 p Pool Sta B 21, Whitboume 
This plant differs considerably in size and in the more open 
sinus from those of Carter's figures and data (1923, 1 8-9 p } 
w 8-10 p, isth 4-5 p) 

Desmidicm C Agardh 

Desmidium akquale W & G 8 West (PI XXXIV, Fig 13) — 
L 20-22 p, w 30-35 p, th 28-30 p Pools Stas 146, Lookout 
Mt , F 6, Great Barachois 

This material was not readily distinguishable from D quodratum 
in size, since both exceeded the specifications of the West© (1896) 
The extreme forms are segregated under the two names 
Desmidium Aptogonum De Br6b var acutius Nordst (PI XLIX, 
Fig 2) — L 22 p t w 40 p Pools and nils Stas 140, 146, 
Lookout Mt (frequent), F6, Great Barachols, FS, Grandys 
Brook, B 21, Whitbourne 

Desmidium Aptogonum var ovale, var nov w (PI XLIX, Fig 3) — 

“ Oemidtum Aptogonum. var ovals, var nov — Cellulae filamenta longa 
formantee, oomprossia, a latere visa* transverse subrectangulae, area polan (inter 
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Cells forming long filaments, individual cells compressed, trans- 
versely subrectangulnr in side view, the polar area concave be- 
tween the two truncate attaching arms, sinus broadly open, 
acute, polar view oval, the sides somewhat compressed, convex 
to nearly flat, attaching arms broadly pyriform in polar view, 
cell membrane punctulate toward the poles L 18-21 ju, w 31 
34 p } th 17 ju Pools Stas 112, St John Bay, 119, Ingome- 
choix Bay , 148, The 1 ableland 
This plant is obviously to be compared with D Aplogonum 
Ehrenbergn As Delponte (1873), the Wests (1890), and Carter 
(1923, PI 164, Fig 5, possibly not Fig 4) illustrate that plant, 
the sides are markedly concave in polar view, and the proportions 
in side view differ from those of the Newfoundland individuals 
Borge (1907) described a D Aptogonum f which closely resem- 
bles this, though it is perhaps smaller 
Dksmidhtm Baileyi (Ralfs) Nordst (PI XI IX, Fig 1) — I 28 ju, 
w 28 ju Pools Stas 146, Ixiokout Mt , I 6 (frequent), 
Great Barachois 

DnyaMiDiUM coarctatum Nordst - Reported by Cushman (1907) 
from St Anthony 

Desmidilm grauuceps (Nordst ) Lagerh , f - L 32 38 ju, » 
56 ju, w apex 2t> 25 p, th 40 p Pool Sta F 6, Great Barachois 
The cells of this material have a broad apex, and therefore 
present an aspect quite different from those of the next form 
The difference is suggestive of a transition to D Gremlin The 
ratio of length to breadth is about 0 65 1 0 
Desmidium graciliceps f majus Lagerh (Pi XXXIV, Fig 15) — 
L 42-44 ju, w 50-56 ju, w apex 17-20 p } th 38-40 ju Pool 
Sta 140, Lookout Mt 

The type material came from Massachusetts, this material is 
close to Lagerheim's dimensions and figure (1896) The ratio of 
length to breadth is about 0 83 to 1 0 
Desmipium Greviliii (Kg) Do Bary (PI XXXIV, lig 11, PI 
XL1X, Figs 4-6) — L 22 -26 p } w 60-63 p f th 40 p Pools 

bracchia) 2 truncate coh&ercntia, concava, einu late aperto, ccllulae aspwtu 
polarl latcribuB aubcompressis, con vex w vel fere plan la, bracchue coha^rentibua 
late pyrifonnibiw, membrana versus polos punctuiata Long 18-21 p lat 31 
34 p } cra» oorp 17 p Newfoundland, in loco dloto Itigornechoix Bay, legit 
Bayard Long 
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Stas F 6, Great Barachois, 140 (major element), 140, Look- 
out Mt 

The figures of Plate XLIX show exceptionally long cells, the 
ratio being about 0 5 to 1 0 The filaments were much wider 
than those of the Wisconsin representatives (Smith, 1924) The 
material at Station 140 was generally of shorter cells, with the 
ratio of length to breadth 0 38 to 1 0 According to Borge (1925, 
Pi 6, Figs 13-15) relatively long cells occur m this species 
Desmidium quaoratum Nordst (PI XLIX, Fig 6) — L 19-22 jx, 
w 28-29 p t th 22-24 p Pools Stas 146, Lookout Mt , F8, 
Grandya Brook 

Dbsmidium quaohatum var doliiforme, var nov u (PI XXXIV, 
Fig 14) — * Cells forming long filaments, individual cells tapered- 
cylindrical, about one half longer than broad, with a slight con- 
striction at the isthmus, the sides punctulate except near poles 
and isthmus, cells in cross-section slightly oval, with ratio of 
diameters about 8 to 10, aspect from the narrower view cylindri- 
cal, with a very faint constriction at the isthmus L 28-32 p, 
w 24 /x, w cell apex 14 p t th 21 p, wth 21 p Pools Stas 
146, Lookout Mt , F 8, Grandys Brook 
This material shows longer cells than does typical JD quadratum, 
and is more common than the typical form in these samples 
Desmidium Swabtzii Ag (PI XXXIV, Fig 12) — L 21 p> w 40- 
42 p Pool Sia 140, Lookout Mt 
The cells have a shallowly depressed apex like those of the 
British (Carter, 1923) form, rather than a plane one, as reported 
for Wisconsin (Smith, 1924) This is not readily observed, but 
is clear enough In empty filaments destitute of sheath 

Bambusxna Kilts 

Bambusina Borrmki (Ralls) Cleve (PI XXXIV, Fig 16 [raamiilate 
form], PI XLIX, Fig 11) — L 26-30 p, w median swelling 
22-26 p , w poles 14-17 p Pools Stas 140, 146, 146 (major 

14 Drrmtdium quadratum var doUlfome, var nov — CeUuloe cobaerentea 
fUamenta longa formantcs, compressae, cylindrical, a latere latiore viaae dunidio 
longioree qu&m latac prope isthmum paulo const riotac, lafcenbu* (iethmo polls 
exoeptis) punctulatis, ceUulis aspectu polarl late ovatie axiuro ratione 8 10, 
cellulla & latere filament! anguatiore vials cyltndncU, ad iathmum vix constrictia. 
Long 28-32 p, tat 24 p f 1st poi 14 p, crass. 21 p, lat Jstb 21 p Newfound- 
land, in loco dicto Lookout Mt , legit Bayard Long 
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item), Ix>okout Mt , 148, The Tableland, b 6, Great Barachois 
F 8, Grandys Brook 

Bambusina Borreri var attenuata, var nov 16 (PI XLIX, Fig 13) 
— Cells slender, in long cylindrical filaments, individual cells 
cylmdncal, slightly in Bated near the isthmus, which is feebly 
constricted, poles truncate-rounded, distal portion of each semi- 
oell faintly longitudinally stnate L 55-65 m, w median swelling 
10 5 p, w poles 7 0 m Fool Sta F 8 (frequent), Grandys 
Brook 

Bambubina Borreri var gracilebcenb Nordst (PI XLVIII, lig 
10) — Pools Stas 146, Lookout Mt , F 8, Grandys Brook 


Hyalothbca Fhrenb 

Hyalotheca dibsiuens (Sm ) De Br6b (Part I, PI XLV1I, Fig 16) 
— W c 20 m Pools, ditches, and rivulets Stas 146, Lookout 
Mt , 148, The Tableland, F8, Grandys Brook, B 2C, 21, 26, 
28, Whitboume 

Hyalotheca dissiuenb, var (PI XLIX, Fig 15) — Ditches and 
pools Stas 102, Mclvers Cove, 130, Lookout Mt 
The variety was not sharply distinguishable in most of the 
material The cells were generally diffusely punctate toward the 
ends, and at times very markedly so, the isthmial region is quite 
smooth Grdnblad (1921) recognises punctae (pores) in this 
species 

Hyalotheca disbiuenb var HiANsWolle, f (PI XLIX, Fig 16) — 
Cells of moderate size, forming long subcylmdncal filaments, 
individual colls barrel-shaped, clearly but obtusely indented at 
the isthmial ring, moderately contracted toward the ends, at 
isthmus slightly oval, wall at the longest radii slightly denticu- 
late, emphasising the bilateral symmetry, membrane clearly 
porose from the crest near the isthmus, becoming somewhat more 
sparse toward the poles, ©hromatophore stellate, pyrenoid usually 
single L 17-19 6 Mi w 25-38 /x Pools and ditches Stas 102, 
Mclvers Cove, B20, St Johns, B 21, Whitboume 


u UtamMufoa Barren var attenuate, var nov — Cellulao tenues, filaments 
tonga formante*! cyttndrfcae propc isthmian debiliter constrict um paulo inflate*, 
polls ad oentrum depremU margine rotundatis, semieellularum partibus apicah 
but longitudinatiter striatU Long 55-65 Mr 1st max. 10 5 m» lat pot 7 0 m 
N ewfoundland, in tooo dicto Grandys Brook, legit J M Fogg, Jr 
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The lesser indentation at the center and at the ends of the 
cells, with a somewhat greater width, distinguishes this form from 
the typical var forms Skuja (1930) figures a somewhat similar 
form of H dutstliem with cells much narrower than those of the 
vanety at hand 

Hyalotheca laevicmcta, sp nov 14 (PI XI IX, big 17) — Cells in 
long cylindrical filaments, individual cells subcyhndncal, slightly 
swollen toward the ends but the central area with parallel sides, 
swollen ends relatively coarsely punctate, poles truncate, angles 
markedly rounded, chrouiatophore axial with radial plates, one 
or two pyrenoids to each cell L 18 30 p 1 generally 20-25 p f 
w central zone 12-17 p, w end zones 13-19 p Pools Stas 
146, Lookout Mt , F 8, Grandys Brook (type) 

Hyalothkoa MurosA (Dillw ) Ehrenb (Part I, PI XLVII, big 17) 
— L 21-26 p, w 19 p Pools Stas 146, Lookout Mt , B 21, 
Whitbourne 

Hyalotheia neglecta Racib var major, tar nov 17 (PI XLIX, 
1 ig 14) — Cells of moderate size, forming long cylindrical fila- 
ments, cells subcyhndncal, slightly broader near the poles and 
isthmus, which is gently constricted, ends plane, angles barely 
rounded, membrane finely punctulate, chromatophore broad, 
flat, with two pyrenoids L 24-53 p, w widest part, 13 2-17 p> 
near pole, 113-16 p Pools Stas 146, Lookout Mt (type), 
F 6, Great Barachois 

The shape as figured by Carter (1923) is not in good agreement 
with that of the Newfoundland material, but the figures of Gron- 
blad (1921) agree very well The cell size given by Carter for 
the species is much shorter than that of the Newfoundland ma- 
terial, although the extremes oterlap, and the same thing is true 

w Hyalothaca laevicmcta, Bp nov — Cellulae filament a longa formantes, 
subcylindncae apicibus grow© punctati* submflata© setl parte media latenbiw 
strict© parallels laevibus, polls truncatts, angulia rotundatia, chromatophoro 
axial! lainima radiate prawiito, Bomatibus pyrenoideu* l vel 2 in cellula singula. 
Long 18-30 p, »**P« 20-25 p t lat partic med 12-17 p, lat max 13-19 p 
Newfoundland, in loco dicto Grandya Brook, legit J M Fogg, Jr 

17 Hyalothwa neglecta var major, var nov - Cellulae mediocre* quam eae 
forma© typicae valde maJoree, filaments longa formantes, subcyhndncae prope 
apices et isthmum vix conatnctum paulo inflatao, polls planis, cum angulls 
margimdibus subrotundatia, membrana minute punctulata Long 24-53 p, 
lat max 13 2-17 0 p, lat pol 11 3- 16 0 p New foundiand, m loco dicto Lookout 
Mt , legit Bayard Xx;ng 
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of Grfinbiad's material, in which the diameter is slightly less than 
that of the Newfoundland plants (1 33 37 * 11 9 32 /X, w 

apex 10 6“11 5 pi) 

Hyalotheca nkguecta, f ( ? ) (Part I, PI XLMI, Fig 15) — ( ells 
of small size, forming long cylindrical filaments, cells subcyhmlri- 
cal, barely larger toward the poles and isthmus, which is faintly 
constricted, ends plane or concave, angle s slightly rounded, mem- 
brane faintly punctulate L 28-38 ju, w 17-18 5 m Pool hta 
140, Lookout Mt 

The chromatophores were single m the cell, indented at the 
isthmus, with two pyrenoids the centers of which are often 
doubled, the general form of the chrom&tophore appeared to be 
flat Wolle’s figures (1892) on Piute 1, Figures 39 21, suggest 
this material, but he ascribes them to J Bambmina Korun (s syu 
B Brebt88onn) as a juvenile stage, which is hardly pkusibh ! It 
h probably a phase of the preceding variety 

HETEROKONTAE 

Botryococous Braitnij Kg —Pools Stas 116, St John Bay, 
119, Ingornecholx Bay, 145 (major item), 146, Ixiokout Mt , 
148, The Tableland, F 6, Great Barachois, F 8, G randy s Brook, 
F 9, Burgeo , B 26, Whitboume 

Ophiocytium arbuscula Kabenh — Pool Sta B 2b, \\ hitbourne 

Ophiocytium capitatom Wolle — Pool Sta B 26, Whit bourne 

Ophiocytium cochleare A Br — Wet thicket Sta 103, Mclvers 
Cove 

Ophiocytium majus Naeg — Wet thicket and pool Stas 103, 
Mclvers Cove, B 26, Whitboume 

Ophiocytium pauvulum (Perty) A Br — Pool Sta B 26, Whit- 
boume 

Tribonema bombycinum Derb & Sol *— Pools and wet ledges 
Stas F 4, 6, Great Barachois, F 8, Grandys Brook , F 9, Burgeo 

Tribonema bombycinum var tenuis Hazen - Pools Stas F 9, 
Burgeo, B 14 (major item), St Johns 

Tribonema minus (Klebs) Hazen — Wet thicket Sta 103, Mclvers 

Cove 

Tribonema spp — Stas 102, diam 7 (t t cells 5~8 n long, McIvcth 
C ove, 146, Lookout Mt , cells 13 ft diam , 10 25 m long, walls 
thick, many chromatophores, suggesting T obsoletum West, 101, 
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Humbermouth, cells 8 5 y, diam , 10-13 pi long The general 
preservation of the material did not favor determinations in this 
genus, and since it was not flonstically prominent, it was generally 
neglected 

EUOLENOPHYCEAE 

Abacus pmjuronectes (0 F Muller) Dujard — Ditches and wet 
thicket Stas 102, 103, Mclvers Cove 

CHRYSOPHYCEAE 

Dinobryon sertularia Ehrenb — Pool 8ta B 26, Whitboume 
Dinobryon sociALK Ehrenb — Pool Stas 145 (frequent), 146, 
Lookout Mt 

Dinobryon stipitattjb Stein — Pool Sta 146, Lookout Mt 
Hydrurus fojbtidus (Vilm ) Kirchn — Streams Stas 128, 131, 
132, Doctors Hill (major item) 

DINOPHYCEAE 

Ceratium citrvirostrb Huitf -Kaas — Pools Stas 110, Ingorae- 
choix Bay, 140, Lookout Mt , F 8, Grandys Brook 
Peridinium sp Pool — Sta 140 (frequent), Lookout Mt 

Urrmrasirr or Michigan 


INDEX OF GENERA 

(This index Includes the genera listed m Part I in the preceding volume ) 


Anabaena 19 231 
Anktstrodesmus 19 235 
Aphanocapaa 19 228 
Aphanotheoe 19 228 
Arthrodesmu* 19 272 
Asterococcus 19 233 
Bambusma 20 220 
Botryococcus 20 223 
Bulboohaete 19 237 
Calothrix 19 232 
Ceratium 20 224 
Chaetoaphaeridjum 19 237 
Chamoedphon 19 230 
Characium 19 234 
Chloral]* 19 234 


Cbroooooeus 19 228 
Cladopbora 19 237 
Qosterium 19 242 
Coelastrum 19 235 
Coclospbacmim 19 229 
Coleochaete 19 237 
Cosmarium 19 250 
CrucigeiUa 19 235 
Cylindroeysti* 19 239 
Cyilndrospenmim 19 231 
Dactylocoocopau 19 229 
Desmidium 20 218 
Diohothri* 19 232 
DiotyosphaeHum 19 283 
Dinobryon 20 224 
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Dofildium 19 248 
Praparnaldm 19 236 
Eremoophaera 19 234 
Euaatrum 20 199 
Eudonnn 19 233 
Geminella 19 236 
Glaucocyetis 19 233 
Gloeooapea 19 229 
GloeoeyatoiMna 19 233 
Gloeothece 19 229 
Gomphoephaeria 19 230 
Gonatozygoa 19 240 
Goruum 19 233 
Hapftloolphon 19 232 
Hyalotheca, 20 221 

Hydmrus 20 224 
Hypheothrix 19 230 
Leptochaete 19 232 
Lyngbya 19 230 
Merlamopedia 19 230 
Meeotaenlum 19 239 
Mlcrastenae 20 211 
Microcystia 19 230 
Microapora 19 230 
Mlcrothamnion 19 236 
Mougeotia 19 239 
Natrium 19 240 
Noetoc 19 231 
Oedogonium 19 237 
OOcyetie 19 234 
Ophtocytmra 20 223 
OaciUatorla 19 230 
Pandorlna 19 233 


Pedi&gtrura 19 234 
Pernum 19 242 
Peridinium 20 224 
Fbacue 20 224 
Phonnidium 19 231 
Pleurotaenium 19 246 
Quadrigula 19 235 
Rhabdoderma 19 230 
Rhixoclomum 19 238 
Roya 19 239 
Soenedeamua 19 235 
Bchizothnx 19 231 
Scytonetna 19 231 
Selenaatrum 19 236 
Soraetrum 19 236 
Sphaerozoaraa 20 217 
Spirogyra 19 238 
Spiro taenia 19 240 
Spondylosmm 20 216 
Stauraetrum 20 185 
Stigonema 19 23 2 
Synechococcus 19 230 
Tetmomorua 20 210 
Tetraodron 19 234 
Tetraapora 19 233 
Tolypothrix 19 232 
Tribonema 20 223 
Triploceraa 19 248 
Ulotbnx 19 236 
Vaucheria 19 238 
Xanthidmm 19 275 
Zygnema 19 239 
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EXPLANATION OF PLATES XXXIII-XLIX 

In general throughout these plates nuclei have been stippled solid , chrome to* 
phore and pyrenoid outlinee have been indicated by dotted lines, but since these 
are made from preserved material they are not to be considered critically iOuetra- 
ttve of the living celt} broad lenticular membrane thickenings have been indi- 
cated by concentric dotted lines, punotulation and granulation have been 
Indicated by dot* or by circles of appropriate else on part of the cell surface, 
but if very delicate have been omitted Drawings of the same species if adjacent 
have been connected by a dotted line, and if separated on the plats generally 
have been Indicated by a letter attached to the figure number Ail figures art 
original, executed by the author from the Newfoundland material, and reduced 
by about three fifths in reproduction 


FLATK XXXUI 
Stauraetrum 

1 S dejedum var patent, side and top views, X 725 

2 8 cuspuiatuph «de and top views Of two ceHs, X 565 
2 S cutptdotwn var canadente, f , X 565 

4 8 mucronaUm tubirtangularc, side and top views, X 565 
fi. 8 eutpidatum var canaden*#, X 725 

6 S apiculatum, X 725 

7 8 amtwn, X 725 

8 8 mucronatum, f , X 725 

8 $ orbicukxre var exientum, f , side and top views, X 725 
10 & pi/ram%datum, side and top views, X 725 
U» 18 8 botnrphUum, side and top views Of two cells, X 565 
12 8 tHokvn, X 725 
14 A brmrjwnuw, f , x 675 

1& & hrcsOumm var Lunds&i, side and top views, X $40 

(See also Flats LV1I in Fart l and Plates XXXtV-XXXVlJL) 




PLATE WXtV 


Staurastrum 

1 S pachtirkynrhmn face and tup vu \v* X 725 

2 *S far cat am X 725 

3 <S 4 vicuUi var aubarcuata, fact and top \itws, X 725 

4 S jKtlytTtorffhutn f faec and top vu \\» X 350 

5 S HatmeUn fact and top views, X 725 
0 3 tabmcum var occidental*, X 725 

7 -7a 3 anattnum var curtum f side and top views, X 725 
8 3 cosmanoitUs X 5t>5 

V) S grande var parvum side and top views X 505 
10 S scltgerum top view X 725 

(Sot also Platt L\ II in Part 1 and Platts \X\IU XWV-WXIX ) 


11 0 (Jrevithx portion of filament, X 505 

12 D \uart 2 u, portion of filament X 565 

13 l) aeqmie portion of filaunnt, X 565 

14 D quadrat am var d< An for me, var nov portion of filament from face 
and edge vkws X 725 

lo 0 gracihcepH f major, portions of filament from fact and tdge views 
X obfi 

(3oe also Plafi XI IX ) 

Bambusmn 

16 B Borrerx portion of filament of type showing raammillate sinus X 725 


Plate XffXi 



PtATL \\\1\ 




PLATF \\\V 


StauraHtrum 

1 jS aubscabrum f xcabrior, side and top vitws X 725 

2 S qutuirmfnnalum X 725 

3 S tthferum, side and top X 725 

4 S muricfituw side and top view*, X 725 

5 S etnoUitum two aide vj< w h X 725 

6 rS alternan* sick and top views X 725 

7 S punctulatum vai pygntarum aide and top \itw* X 725 

8 S punctulnfuirt Milt and top views, X 725 
0 iS dilatutum «»rk and top\j<w« X 725 

10 11 2* gennnatum vqr UmQisptnum two cells side and top vie ws, X 725 

12 *S titracerum X 725 

13 Sf ialracirum f tngonutn X 725 

14 *N lotanum X 725 
lo <5> Miriam X 725 
16 S injlexum, X 725 

17 J 8 S paradoxum, X 725 

19 S paradoxum , f (?) X 565 

20 V 9 ubnudibrach mtu m f x 725 

21 S brachuUum, X 725 

(See also Plate IA II of Part I and Plates XXX1II-XXX1V XXXVI- 
XXXIX) 





JIA11 X\\V1 

Htaumstnim 

1 2 S clongatum nule vuwhoF cell and hi mu* 11, X 505, X 725 

3 S ptlagicuin \ ir tttnffibrachwtum, var nov md» and top vnww X505 

4 S m mi fmof, sp nov sitk and top whs X 725 
r > S Pernaldu, up nov , mdc and top vuua X 725 

H S xufterucwtnin t X 725 

7 s fumgirum i X 725 

5 S furngerum Mile and oblique* top \k X 415 X 505 
9 JO S (Inn top and two hide view* X 505 

11 S f ureal um vui , X 725 

12 12n S tfihtutn, oblique and top viowh X 725 X 505 
H S A/rhsron X diO 

14 I 4a S 4 rrtiftcon f aide unv and tip of arm, X 340, X 850 
J o St t mutex X 725 

(No al»o Plate I U of Part I and Platen KXXIU XXXV, XXXVII- 
XX\I\ ) 
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I I Alt XXXVII 
Staurastrum 

1 S nmrgantaraurn f hid< ami top vnwn t X 725 

2 S protect urn var planrlomcum side and top vn ws, X 030 
3-3a S Htxtntrhanum t l ? ) auk and top views X 725 

4 S polymorphum side and top vm X 726 

5 S cruinlatum f side and top vuwa, X H50 

« S furcatum var nrulentum tf), top view, X 726 

7 S Hiltgcrum, X 725 

8 «S HotuUi topvuw X 340 

0 iS A rciiaton top vkw, X 340 

10 S ankyrm<ie» var pitUacladum, top and side vhws, X 450 
11 13 S Ophtura , top and side views X 450 
12 <? penlaecTuvi top view, X 340 

14 ;S furcatum, ( side and top views, X 725 

(See also Plate 1 \ II of Part I and Plates XXXIII XXXVI, XXXVIII 
XXXIX ) 



PLATE XXXVII 




PLAT1* XXKVIll 
Staurasf rum 

1-2 S nntaior, suit \kw of two cells top ami edge views X 5*15 
3 4 >S bwculatum Hp dov , Bide view of two c< Us, 1-op ami «dgr vuwb X 505 
» *1 S Joktutoniy «id< vitw of two < 4.11s and top vn w, X 505 
7 8 S Income, suits view of two otlis, top and basal views of sermtel! X 470 
9 S l nchora, X 470 

10 S amertcanum \ar longtradtalum, X 725 

('ht also Plate I V II of Part I arid Plab s WXllI VXWIT, XXMX ) 
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PLATE XXXIX 


iurantrum 

1 E /» br upturn f minus X 850 

2 E mot daman, X 860 

3 F bmale f hum s X H50 

4 F Boldin var isihmnchondrum f X 860 
r > E msutare, X 725 

0 E pvlckellurn var retusurn f (0 X 725 

7 E dolttformr var X 725 

8 F Turnrri i f X 726 

9 E pingu* X 506 

10 E bide nint um X 605 

(StL also Plate h \r~xun ) 

Tc tmomorufl 

11 7 laevit, x 470 

(See also Plate XLlll ) 

Staurastrum 

12 S fjortale aide top and oblique views X 470 

13 S gractle, top view X 470 

14 S nubrrucuitum X 726 

15 S polytnehum top view, X 726 

16 S S ebaldn var ornatum , top vu w X 456 

17 S anatmum var trunentum , sido and top view*, X 665 

18 *8 gralUttonu/n, var , side and top views X 566 

19 *S teplocladum, side and top views, X 465 

(Sec also Plate LV11 of Part I and Plates XXXin~XXXVJII ) 



PLA l E XXXIX 




LATB \T 


t uastrum 

1 3 f btnalt , thieo ulln X 725 
4 F btnale var Outwinnkit, fa<< vhw X 725 
5 0 A tnsulare, two t* IIh X 725 

7 F valtdutn X 725 

8 i? tor?iu?/icn*r fiut and top \ kwh X 725 

9 F xin tfoHum var reduct uni f (?)» X 505 

10 E mertne X 505 

11 E Kubhejctilobum X 725 

12 F f net urn var *ubmtangulare f X 51)5 

13 F indent at um X 725 

14 E pecftnalutn var reductum var nov fact, edgt and top views X 595 

15 E pectination var ineiolutum, face and tdgt vnww X 565 

10 E prehnatum vm brarhylobum f mojM#, f nov , faci and edgt vhwh 
X 565 

17 E lapponicum, X 815 

18 t Innate, face and top vkwh, X 850 

19 h nnmtum X 505 

20 E crauHvni var Hcrcbicnlaium x 445 

21 E cuneafurn , X 450 

(Ste also Platen XXXIX, XI 1 XI III ) 



PLAll XL 





FLATE \LI 
Euastrum 

1 F buifntatum x 565 

2 F pinnatuw, X 455 

3 3a F twirfaUfiee var novae terr<it var nov , fact ami top views X 850 

4 F pectinatum var brachylobum f ro*tratum t f nov f*n • and top view*, 
X 565 

» F illenii fa<* <dgf» and top vkwk X 505 

6 K jnttnatum f fate, tdgi , and top views X 470 

7 R oblongum fart and edge views, X 385 

8-8a F gryanteum var lulum var nov , fare and tdg« vitwa, X 340 
9 E hxtmrro'fum face and edge vie\*H, X 485 
(See also Flutes WXlX-Xh, XI IT XI Hi ) 





FL\n \III 
1 uastium 

1 E (MfUii fact andidjp views, x 5f>*S 
2-3 h arnpullaruim, fill fact mid tip nf anotlm individual X 5t>^ 

4 b ) Tiln medium \nr ruluhtm X 5t>5 

5 F imngnt fact ami rdjp of ct II, X 5#>5 

b E duUitn f far ( <dgt, and top views, X 3S5 

7 b II ollet var X WO 

X h oblong ton t , X 470 

9 F ventrtcusum X 5tifi 
(0 E oblongum X IN5 

(Si also Plat is XX\I\ \1 F, \I III ) 





i r Ait XLiri 


Euustrum 

1 b cuspulaium X 725 

2 F ptdchillum var retu/tum f (°), X 725 

3 E BoUUn \tir isthmochomirum, ! , X 850 

4 E dcganx X 850 

5 0 E tUgans vai amntum, tuo mUs, edge and fme viewn, X 850 

7 h gemmatum, fait, edge and top vu ws X 725 

8 E inMignr f , « mpt\ stmicdl face X 565 
0 E cuspuiaium, X 725 

10 j6 venti icon am, X 725 

11 E crtiMi/m \nr scrvbirulatutn X 385 

12 h verrucosum, X 450 

(Si e also PluU sXXXJ X XT 1 1 ) 

TVtmemormi 

13 V granulatus vai aUtnuafuB, X 565 

14 r laein*, X 525 

13 7 Bretn*nvnit var minor X 585 

16-17 7 flreirtjssouu two colln X 300 X 340 

18 T granulatus, X 340 

(See also flat* WXIX ) 



PLAT L XU II 




ILAr* \LI\ 

Mu ruattriax 

1 1/ radtata var granlhma X 340 

2 M Jtnneri vai mmplrr X 38 r > 

3 \f foluirea X 5b5 

4 V/ erpanna X 505 

r > Vf ptnnaiijula X 506 
0 M arcunia X 565 

7 1/ owrifan* X 3*0 

(Sue also l»Ja 0* \J \~\l VXJJ ) 



FI AIT VI IV 




PL,ATfc, \lv 
Mio-materia* 

1 V nulxala X 340 

2 M raehwta \ ar orntila f elegantior, X 340 
3 M canftrta var novae terrae X 506 

\ \f Jrntun var siirifd* x, X 3*5 

5 Sf am*( tcana X 455 

6 4/ \ar brocAf/p/era X 385 

7 A/ 77wmd«*wma var X 285 

8 M triangularis, X 315 

(S«< also Platen XT IV, XL\T-XT\III ) 



PLAT t X1A 



W WviW® 4 



HATf \L\ 1 
ruis 

1 \f papilhfera var glabra f X 505 

2 M papilhftra f, X JJO 

<i M conjirta X 455 

4 \f papilUJera t X 5b5 

> M tr uncut a, X 470 

(i 8 M truncata var turgvla var nov f face uIro and top views X 505 
(See alno Plate s \I t\ \T V \I\I1 XHUl) 



l'l AIL \L\ I 




PLA1L \LV1I 
Micros terms 

1 M txpantfa X 56*5 Tour oils, showing (h ft) the maximum approach 
toward M arcuatn nbsttxd in this mutt rial, mid (right) the maximum 
condensation of the arma 

2 V/ truncalo var turgtda, var nov, X 4K0 Cell showing artisted snpa 
ration of th* straieclls after division had progriswd to segregation of four 
chromatophoies m the juvenile portion, as outlined by dotted huts 

3 M truncnUi var tnrgxda, var nov , X 505 Ihveu wmietlls showing wmIl 
\ anation and teratology including stout facial IoIkb, all spxlmtns repu 
sented had w alls of adult texture 

Cowman urn 

4 C /e< raoph (halm um var pyramidat urn X 300, cell showing uric ntid si puratton 
of sennet Us (dtsenbi d in Part T pp 209-270) 

l S Pt also Plates VI IV -XI VI XI VIII) 



PLAlfc M A II 




PLA1F XLVIIt 

MicmsUrma 

] V confer (a v ir ruitae terrae X 505 
2 \f apenom , X 565 

i M radma var omnia f dcgantior, X 340 
4 M nuhma var omaUt, X 340 
j A/ yoA/tfomt var btpaptllata var nov X 225 
0 M radiom f X 56 

7 M apimlata var fimbnala X 225 

8 M oaciUin* top vmw, X 225 

(Soi also Plates Xf IV Xf VII ) 



I’LAll XI VIII 




PLA I t XUX 


Dcsmidiurn 

1 0 BmUi/t X 

2 I) ApUgomm var aruhus X 505 

3 0 iptaganurn var iwate var nov , sid( of hlanx nt anti top view of cell, 
X 470 

4 5 0 (nnillti suit vitW8 of two portion* of hlamtnt Hhowmg aftptet in 

position of It sw r and gieatt r dime unions X 505 

6 0 quadrat utn X 505 
(S'caho Platt WXIV) 

Spumlv losiuin 

7 S planum, X 505 

8 S pulchrum portion of filament and <dge ami top views of cc II X 340 

Sphaerozosnm 

9 S Aubultatui, X 505 

Bambusina 

10 B Barren var gracihucenz X 726 

11-12 B Burrin, portion of hlamtnt m aui fact and portion in optical section 
allowing it plicate wall as formed aftt r oil division, X 725 X 050 

13 H Barren var attenuata, var nov X 725 
(Stf also Plat* XXXIV) 

H> alothtca 

14 If negleeta var major X 725 

15 // diftnliena, var , X 505 

16 H f/tssihm# var hiann f portion of filament and end of cell X 505 

17 H tarvictneta, $p nov , X 725 
(See also Plate XLVll of Part I ) 

Spirotaema 

18 6 *p (?), X 525 

(See also Hate XXV of Part I ) 






MAES A HIRSUTA (M YRSINACEAE) , A NEW 
SHRUB FROM KWEICHOW, CHINA* 

EGBERT H WALKER 

C RITICAL Studies of the collections made by \ arums rtcent 
expeditions into little-explored Kweichow Province are reveal- 
ing a rather large number of new plant forms Since Dr Heinrich 
Handel-Mawetti, tho noted Austrian specialist on Chinese botany, 
traversed the province on his expedition during the years 1914-18, 
he has received for study a large part of these specimens Among 
those collected in this province in 1930 by Y Tsiang (Tsiang Ymg) 
under the auspices of the Metropolitan Museum of Natural History 
in Nanking, China, was a specimen which apparently represented 
a new species of Maesa Since the writer is engaged in a critical 
revision of the eastern Asiatic members of the Myrsmaceae, this 
specimen was kindly lent him for study at the United States National 
Museum, and the supposition of its distinctness was confirmed 
Subsequently Dr Handel-Massetti offered the writer the privilege 
of naming and publishing this new species 

The Asiatic species of the genus Maesa, along with most of those 
of the other genera of Myrsmaceae represented in this area, are in 
a state of great confusion owing to the intorgrading of specific 
characters It is increasingly evident that there is a close relation- 
ship between the Chinese species of Maesa, especially those from 
the western provinces, and those of India, Burma, and Siam, a fact 
which has apparently been overlooked by recent students of the 
Chinese species Hence, any treatment of the northern forms must 
be regarded as provisional until a larger representation of the more 
tropical forms can be assembled and critically studied This the 
writer has as yet been unable to do in a sufficiently satisfactory 
degree, 

The Chinese Maesa under consideration belongs in the group 
with corolla tube* nearly equal to the lobes, as contrasted with those 

* Published by permission of the secretary of the Smithsonian Institution 
251 
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having the tube about three times as long as the free portion The 
densely hirsute branches, together with the rough, hirsute upper 
surfaces of the leaves, distinguish it from the related pubescent species 
in that group The only available information concerning the habit 
of the plant is the statement on the field label that it is a small shrub 
Since the vegetative characters must be relied on largely to separate 
the species in this genus, this one is here considered distinct 

Maesa hirsuU Walker, sp nov 
(Piste L) 

Arbuscula parva fere undique hirsute praesertim ramulis tenuibus, 
folia breviter petiolata, petiolus vix 5 mm longus, dense hirsutus, 
lamina tenui chartacea, 15-19 cm longa, 5-7 cm lata, elhptioo- 
ovata, basi rotund&ta vel late obtusa, apice acuta extremitate tenuiter 
acuminata, grosse serrate, dentibus acutis triangulanbus, supra opace 
viridi, infra paulo pallidiore, utroque scabrido-hirsuta praesertim 
subtus et in costa tenui elevate, nervibus lateralibus circa 10-jugis, 
ramoeis, in dentibus desmentibus, mflorcacentta racemose, axillaris, 
circa 6 cm longa, hirsute, pedicellia 5 mm longis tenuibus, bracteolis 
angustis lanceolatis prope medium fructus locatis, sepala tnangulari- 
ovata, acuta, fere 2 mm longa, hirsute, neque punctata neque 
prominule gl anduloso-stri&ta , coroliae tubus Jobis vix longior, lobis 
3 mm longis suborbiculanbus gland uloso-striatis, glabns, stamina 
in fionbus fetmneis reducta, in fionbus masculis quam corolla bre* 
viora, filamentis brevibus, anthens o vatic vix 1 mm longis, pistil- 
lum sepalis subaequale, stigma te 4-lobato vel 4-diviso, styles vix 
1 mm longis, ovario globoso eubinferiore, fructus circa 5 mm lon- 
gus, ovoideus, apiculatua, albus, siccitate fiavesCens, hirsute, obscure 
glanduloso-strjatUs, 

* Type in the herbarium of H Handel-Mawetti, Vienna, Austria, 
collected by V Twang at Si-mi-yao, Pa-na, Cheng-feng Hsian, Kwei- 
chow Province, China, October 24, 1930, No 4405 A fragment and 
a photograph are deposited in the United States National Herba- 
rium, No 1,577,836 An additional specimen In the New York Botan- 
ical Garden was collected by A N Steward and C. C, Cheo at Chi 
Tung, Lin Yuin Hsien, Kwangsi Province, May 5* 1933, No, 315 

National HanaAtutm, 3mtthsonun Isan Ttroos 

Wajhiinotow, DC 
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CONTRIBUTIONS TO A STUDY OF THE 
FUNGOUS FLORA OF NOVA SCOTIA I* 

LEWIS E WEHMEYER 

T HE Province of Nova Scotia presents a particularly fertile field 
for the mycologist Situated as it is m 44°~47° north latitude, 
nearly surrounded by water and bathed on the southern coast by 
the warm Gulf Stream, it has a moist temperate climate very favor- 
able to the development of many species of fungi, especially the 
fleshy types 

The Province consists of a peninsula which lies in an easterly 
and westerly direction and is traversed by two high di\ iding ridges 
and numerous parallel lower rid gee and hills The southern water- 
shed divides it longitudinally into two halves The southern half 
is almost entirely a gram tic or quart ntio region, with numerous 
parallel streams cutting across the larger ridges and emptying into 
the Atlantic Ocean The region also contains numerous lakes and 
bogs North of this watershed the underlying strata are chiefly 
sedimentary sandstones and slates, with a backbone of igneous and 
metamorphic rocks forming an interrupted line of hills running the 
length of the north or north-central part of the Province The drain- 
age in this area is northward into the Bay of Fundy, Minas Basin, 
Cobequid Bay, and Northumberland Strait It was here that most 
of the writer's collections were made (For a further discussion of 
the typography and the geology of the Province and their relation 
to forest types the reader is referred to C D Howe's part of Fernow's 
report [7, p 43]) 

Much of the charm and interest of collecting in this Province 
ties in the variety of ecological situations and in the abundance of 
the fungi, both species and individual plants, found therein About 
52 5 per cent of the Province is forested Of this area 73 per cent is 
a mixed forest of conifers and hardwoods, 20 per cent is of pure 
conifers, and 7 per cent pure hardwoods (7) Abxes balsamm and 

* Papers from tbs Department of Botany and the Herbarium of the XJntyer- 
eity of MkSdfcan, No iH 

m 
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Ptcea rubra , which are the most abundant coniferous species, often 
form pure stands, either singly or together Other conifers, such as 
Tmga canadenm, Ptcea canadenne, P manana (in cold swamps), 
Lanz laricina, and Pinue Strobus t occur mostly as scattered trees or 
as local stands The dominant hardwoods are of the beech, birch, 
and maple type, including Fugue grandxfoha , Betula papyrtfera , B 
populifolia, B lutea f Acer saccharutn , A sptcalum, and a scattering 
of A pennsylvantcum Along the stream beds are Alnus incana, 
Populus iremuloidcB) P grandtdeniaia, and vanous species of Salix 
Besides these there are scattered individuals of Vlmue amertcana , 
Prunus serotwa, P vtrgimana, Pyrue amertcana, Cornu* aUemifolta t 
Ostrya, Carpmus, Fraxmus, Crataegus, Amelanchier, and other asso- 
ciated species The shrubby and herbaceous Dora is similar to that 
of northern New England Ferns and mosses are particularly abun- 
dant m both the forested and the open areas These forested areas, 
with their rich humus and abundant dead and decaying woody 
matter, are particularly productive of saprophytic and fleshy fungi 
The many marsh and swamp areas, besides presenting a different 
variety of fleshy and saprophytic forms, also provide distinctive 
host plants which harbor numerous parasitic fungi Typical acid 
bogs in the lower flats either have an open shrubby growth composed 
chiefly of Rhododendron canadcme, Ledum groenlandtcum, various 
Vaccinia, and other shrubs or are forested with Larix, Ptcea martana t 
Salix, etc Swamps are also found on the Mopes and ridges in the 
heavily forested regions, where there occur aU transitions from bogs 
to mere wet depressions filled with mosses, ferns, or low shrubs 
The extensive grassy and out-over lands also have characteristic host 
plants as well as saprophytic fungi, such as field mushrooms and 
Lycoperdaceae About the shores of Minas Basin and Cobequid Bay 
there are large brackish marshes which are periodically inundated by 
the tides of the Bay of Fundy and which furnish distinctive sedges, 
grasses, and other herbs that serve as hosts to many parasitic fungi 
The extensive coast line with many sandy beaches also provides a 
characteristic flora, which harbors many interesting fungi 

There still remains a large field for work on the fungi of the 
Province Severalhsts of fungi collected in Nova Sootta have been 
published by Somers (22-27) and MacKay (14- lft) These earlier 
reports are chiefly of the fleshy fungi, particularly the Agaricaceae 
and Polyporaoeae, There are also a few published accounts of 
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special groups, such as the rusts by Eraser (9), Myxomycetes and 
aquatic fungi by Moore (16-17), Erysiphaceae by Mussels and 
Parker (18) and by Fraser (10), and of forest diseases by Faull (6), 
but beyond the scope of these papers there lies a virgin field which 
should yield much of mycological interest 

The writer's studies on Nova Scotian fungi are based largely on 
material gathered over a period of some five years In June of 1926 
several weeks were spent about Truro and in the region of Wolfville , 
in September of 1927 a few collections were made on Cape Breton 
Island During the summer of 1929 the months of July and August 
and part of September were spent in collecting, chiefly in Colchester 
County In 1931 the writer was accompanied by A H Smith, and 
a permanent headquarters at Upper Brookside, near the town of 
Truro, was established During this summer trips to vanous parts 
of the Province wero made, and special attention was paid to the 
fleshy fungi A R Prince, of the Provincial Agricultural College 
at Truro, has kindly donated a number of collections made by him- 
self and others In all, well over fifteen hundred collections have 
been obtainod for study The area co\ cred is more or less limited 
to the northern and eastern parts of the Province It has, also, been 
Impossible to make collections of the early spring or later fall flora, 
but, in general, a fairly representative collection has been obtained 
Nova Scotia is of particular interest from a distributional point 
of view For the most part the fungous flora is similar to that found 
in northern New England or m the moist mountainous regions of 
the eastern United States, and may be regarded as a northern ex- 
tension of that flora This general area also represents the eastern 
or Atlantic extension of the broad band of northern Canadian forested 
territory which links it with a region of similar ecological conditions 
in the western mountains and on the Pacific Coast Although very 
little is known of the fungous flora of the northern Canadian region, 
it presents conditions which undoubtedly allow the extension of a 
northern element of the fungous flora across the North Amencan 
continent. Kauffman (12), in his studies of the fungi of the Pacific 
Coast, was struck by the large component of North European species 
in this area and says H Two mycological features impress an eastern 
myoologist when he enters the Pacific states west of the Cascade 
Range In the first place, many species, if one is at all familiar with 
northern European plants, are found to be old Friesian species " 
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clustered tn small groups on a common hypoth&llus consisting of 
the very faint remains of dried slime, simple, unbranched, bear- 
ing a solitary cyst and dull yellow to brownish Cyst spherical 
to ellipsoid, 200-400 y, in diameter, bright yellow Rods short, 
15-20 X 05-08/i 

On decayed wood infected with a Chlorosplenium mycelium 
Upper Brookside, August, 1031 (1513) 

The writer has been unable to locate any species of Chondro- 
myces with a yellow color, simple stalks, and solitary cysts This 
material might possibly be immature Chondromycea crocatus B 
A C , but there appears to be a definite wall formed about the 
large solitary cysts and the rods are shorter than those of C 
crocatus 

MYXOMYCBTES 

(Unless otherwise indicated, the Myxomyoetee were determined by G W 
Martin ) 

Arcyria cinerea (Bull ) Pera — On decayed wood, Upper Brook- 
side, July 18, 1931 (1084), Victoria Park, Truro, July 6, 1931 
(411) 

Arctria denudata (L ) Wettst — On decayed wood, |%lleigh 
Lake, July 20, 1931 (1089) ^ 

Abcyria incarnata Pers — On decayed wood, Victoria Park, 
Truro, July 6, 1931 (413), New Glasgow Road, July 25, 1931 
(1141), Upper Brookside, August 24, 1931 (1400) 

Abcybia nutans (Bull ) Grev — On decayed logs, Upper Brook- 
ride, July 17, 1931 (1079), New Glasgow Road, July 25, 1931 
(1140) 

*Badhamia decihbns (Curt ) Berk — On beech bark, Upper Brook- 
ride, July 9, 1931 (466) 

*Cbratiomyxa FRimcuLOBA Macbr var flbxuosa List — On de- 
cayed logs, Upper Brookside, July 4, 1931 (388), July 19, 1929 
(133), det L E Wehmeyer 

oomroutu ex vetbgtO oolloideo tenui oonaistente aggregate, sordid© luteis vel 
aubbrunnela, e ystem JoUtarfam fereatibua, cyatibua apbaerieia vri riliparidria, 
diametro 200-400 a, pertuten, baoiliU brevibua, 1 6-20 g longia, 0 5-0 8 p 
crasris Cum myeclio Chlorospienu in Kgno pufcrido, looalitate Brookside dicta, 
Com Colchester, Nova Scotia, legit aootor sub numero 1613 in Herb Univ Mioh 
A specie bua generis alba divert coiore luteo, stipitfbua aimpliribua et eyattig 
aoUtawa, a C m crib p» A C apeciatim differ* oironmvaUation© cyetorum 
raagnonun aoUtariorum definita et badlUf brevioribua. 
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Comatricha bubcaespitosa Pk — On decayed wood, Salmon River 
region, July 14, 1931 (1029) C nigra is listed by Moore (16), 
and this is probably the same as his material 
Comatricha typhoids (Bull ) Host — On decayed wood, Upper 
Brookside, July *3, 1931 (393), probably the C stemomtes of 
Moore’s Ust (16) Green Oaks, Colchester Co , July 9, 1931 (479) 

*Cribraria dicty dio ides (Cke ) Balf — On decayed wood, Victoria 
Park, Truro, August 23, 1929 (255) 

•Cribraria piriformis Schrad — On decayed wood, New Glasgow 
Road, July 25, 1931 (1142) 

•Diachaea deucopodia (Bull ) Rost — On dead leaves and debris 
or upon living leaves of ferns, etc , Upper Brookside, September 6, 
1931 (1485) 

*Dictydjum cancellattjm (Batsch) Macbr — On decayed logs, 
Upper Brookside, July, 1929 (131), Upper Brookside, July 31, 
1929 (191), Mt Thom, August 8, 1931 (1256) Common on 
the decorticated surfaces of woll-decayed logs 

♦Didekma bpomarioideb Fr — On lieech bark, Upper Brookside, 
July 24, 1931, det L E Wehmeyer (1138), on dead leaves, 
Middle River, Victoria Co , Cape Breton, August 5, 1931, det 
L E Wehmeyer (1221) 

♦Diderma testacedm (Schrad ) Pers — On porcupine dung, Mt 
Thom, August 15, 1931, coll A H Smith (1328) 

Didymxum melaxospekmitw (Pers ) Macbr — On lichens on wood, 
Salmon River region, July 14, 1931 (1033) (partly parasitised?), 
on mosses, Salmon River region, August, 1921 (1494), on de- 
cayed leaves, Upper Brookside, July 1, 1931, det L E Weh- 
meyer (348) Common on deep growths of mosses and lichens, 
often forming striking decorations of upright moss plants such 
as Polytnchum 

♦Didymii/m yioniPKs (Lk ) Fr var xanthofus (Pitm ) List — On 
spruce duff, Salmon River region, August 18, 1931 (1375) Often 
found in great abundance on fallen cones, twigs, and needles 
under spruce 

♦Enertrenema papiujwm (Pers ) Rost — On dead wood, Salmon 
River region, July 16, 1931 (1049) (Entire collections were 
sent to G. W Martin) f 

♦Frruoo uvsconvu Alb & Schw —On moss, Upper Brookside, 
September 1, 1931 (1486) 
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Fuligo septic a (L ) Gmel — On moss, Upper Brookside and 
Salmon River region, July 8—15, 1931 (460, 1028, 1052, 1053), 
beech log, Upper Brookside, August 1, 1929, det L E Weh- 
meyer (186) Common 

♦Fuligo septica var laevxs Pers — On log, Earltown Road, 
August 22, 1931 (1391) 

Hemitrichia clavata (Pers) Rost — On decayed log, Upper 
Brookside, July 27, 1929 (158) According to Martin, "This 
has the color and appearance of II rttpitala (Mass ) Macbr 
I can find no constant characters to distinguish these two 
species and hence at present follow Lister in regarding them as 
the same ” 

Hemithichia stipitata (Mass ) Macbr — On decayed log, Upper 
Brookside, July 17, 1931 (1078) 

Leocarpus fragius Rost — On dead wood, Upper Brookside, 
July 16, 1931, det L E Wehmeyer (1068) 

Lk ea VAHUflius Schrad — On conifer stub, Mt Thom, August 15, 
1931 (1334) Deep pink flesh color at first, becoming dull olive 
black at maturity 

Lycogaia. epidendrum Fr — On decayed fir wood, New Glasgow 
Road, June 30, 1931, det L. E Wehmeyer (342) 

*Pm sarum confertum Macbr — On fir twigs, Salmon River region, 
August 18, 1931 (1357) , on moss, Salmon River region, July 15, 
1931 (1051), Upper Brookside, August 13, 1931, Salmon River 
region, August 18, 1931 (1353) Very frequent on the thick 
mossy carpets under older stands of spruce and other conifers 

*Phy$ahum contextum Pers — On beech bark, Folleigh Lake, 
July 20, 1931 (1098) 

Phybarum GLOBCJLiFERtjw (Bull ) Pers. — On decayed log, Upper 
Brookside, August 11, 1931 (1268), on porcupine dung, Mt 
Thom, August 15, 1931, ooil A H Smith (1315) 

•Physarwi lateritiom (Berk A Rav ) Morgan — On wood, moss, 
and leaves, Mt Thom, August 15, 1931 (1339), Upper Brook- 
side, August 24, 1931 (1399) 

♦Physarum ifUTABruc List -—On leaves, Upper Brookside, Sep- 
tember 1, 1931, det H C Gilbert (1484) u May be an aberrant 
form of something else/’ according to Martin 

Physahum nutans Pers — On decayed wood, New Glasgow Road, 
July 26, 1931 (1143), parasitised, New Glasgow Road, July 25, 
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1931 (1144), Mt Thom, August 15, 1931, det H C Gilbert 
(1327) Approaches P kucophaeum In Moore's list as Tilma- 
doche alba 

♦Phtsarum pulchkrrimum Berk A Rav — On decayed log, Upper 
Brookside, July 27, 1931 (1166) 

♦Physarum rubiginosum Fr On moss on decayed log, Salmon 
River region, August 19, 1931 (1365) 

Physarum virescens Ditra — On moss and d5bns, Middle River, 
Iuverness Co, Cape Breton Island, August 5, 1931 (1217), 
Salmon River region, August 18, 1931 (1358) Quite fre- 
quent 

*Phvsa»um virescens var nitens List — On mosses and lichens, 
Upper Brookside, July 13, 1931 (1009) 

Physarum viride (Bull ) Pers — On decayed limbs, Upper Brook- 
side, July 18, 1931 (1095), New Glasgow Road, July 25, 1931 
(1139), Salmon River region, August 18, 1931 (1352) Very 
abundant and common on the decorticated surfaces of limbs and 
branches In Moore's list as Ttlmadoche tnrtde 
Stkmonitib axifeoa (Bull ) Macbr — On decayed logs, both conifer 
and hardwood, Upper Brookside, July 19, 1929 (165), Upper 
Brookside, July 4, 1931 (390), Upper Brookside, July 4, 1931 
(394), Upper Brookside, July 7, 1931 (423) 

Stbmonxtis ferbtjginba Ehrenb — On decayed wood, Salmon 
River region, August 1, 1931 (1499) In Moore's list as S 
Smithn ? 

♦Stemontto flavooenita Jahn — On conifer log, Upper Brookside, 
July 19, 1929 (39) 

Stemonitis fubca Roth var trkchispora Torrend — On decayed 
beech, Upper Brookside, July 7, 1931 (425), on moss, Mt Thom, 
August 15, 1931 (1335) This variety with reticulate spores is 
the same as the S maxima given in Moore's list 
Trjchia persimiub Karst — On decayed wood, Killag Mines, Hali- 
fax Co , July 30, 1931 (1190) 

Tubifera ferruginosa (Batsoh) Macbr — On decayed logs and 
Stumps Victoria Park, Truro, July 6, 1931 (410), Mt Thom, 
August 15, 1931 (1340), Salmon fUver region, August 18, 1931 
(1407) 
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PHYCOMYCETES 

Albugo Candida (Lev ) O Kuntxc — On DrrUana diphylla, Upper 
Brookside, May 22, 1028 (16), coll A H Prince (6005) 
♦Bremia Lactucae RegeJ — On Lactuca np , Mt Ihom, August 15, 
1031 (1318) 

♦Endogonk pibipormib Link — On Ups of Sphagnum, forming large 
globose to irregularly convoluted, orange-yellow, waxy masses of 
zygospores New Glasgow Road, June 30, 1931 (341) 

*Mucoa hiemalis Wehmer — From moose dung, Killag Mines, 
Halifax Co, July 30, 1931, and cap of Myctna haematopa , 
Folleigh Lake, August 29, 1931, coll A H Smith (1434) r lhis 
species w as obtained from gross cultures of the collections given 
The spores were quite variable, they are broad-eLlipamd to ob- 
long, (35)4*65 X (2) 25-4 p 

*Pilobom7s longipes Ticgh - On horse dung, Upper Brookmde, 
July 15, 1929 (49), Killag Mines, Halifax Co, July 30, 1931 
(1180) No 49 was collected in the evening, when the young 
sporangiophores were deep orange-yellow and formed a turf ov er 
the entire surface By morning the maturing sporangiophores 
were all hyaline, with the black terminal, lenticular sporangia 
measuring 150-300 pi in diameter and 100-200 p m thickness 

Sforomnia grandis Link — On Inocybe ap and Boletus acabcr, 
Upper Brookside, July 1, 1931 (347), on Amanita flavoconia, 
Upper Brookside, July, 1929 (103) Common on caps of aganos 
and Boleti 

BASIDIOMYCETES 

US TILAGINALES 

Sphacelothjbca H> dropi peris (Sohum ) De Bary — On Polygonum 
sagiUatum , Karltown Road, August 19, 1931 (1366) 

UREDINALE8 

(Unless otherwise indicated, all the rusts were determined by E B Mams ) 

Calyptospoua Goepperti ana Ktthn — On Vaccimum sp , Folleigh 
Lake, July 20, 1931 (1264) 

CfiRYSOMYXA lkdicola Lagerh — On Picea rubra, Pug Lake, Shel- 
bourne Co , August 15, 1929 (10), coll A 11 Prince (6023), on 
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Picea martatui i kilhg Mines, Halifax Co , July 30, 1931 (1177), 
on Ptcca sp , Salmon River region, July 3, 1931, coll A H Smith 
(414), on Ledum grocnUindicum , Victoria Park, Iruro, June 24, 
1929 (20) 

Chhy8omyxa pikolaium Wmt — On cone of spruce, 1 olleigh Lake, 
July 20, 1931 (1104) 

Coleospokhtm Solid iGi vis (Schw ) ThOm — On Soli dago, Upper 
Brookside, July 28, and August 28, 1931 (1258, 1258a), on 
Aster, Onslow, August 31, 1931 (1449) Abundant 

CnoNAKTiUM nifaicoiA >isch --On Pinm btrobus, kentulle Lx- 
pernuent Station, May, 1917, coll I F Hockey (90) On Ribtn 
nigrum , Upper Brookside, July 27, 1929 (144), Patou Landing, 
Pictou Co, August 12, 1928 (40), coll A R Prince (6020), 
on Ribes vulgare t Upper Brookside, July 27, 1929 (164), on Rtbes 
up , Upptr Brookside, July 28, 1931 (1259) 

i< ROMM* a OBTU8A (Strauss) Arth - ( >n PolentiUa ( an<uinm& t Upper 
Brookside, July 28, 1931 (1260) 

Gymnoconia nm kstitiaus (Schlccht ) Lagerh — On Rubus 8 p , 
Upper Brookside, May 22, 1927 (13), coll A R Pnnce (6018), 
S Maitland, Hants Co (2), coll A R Pnnce (6033) Common 
on Rubus in early summer The aeciospores w ere not germinated 
to test for the possibility of the presence of Kunkcha mtens 
*GyMN 06PORANGUTM CLAVARlAt FORME (JftCq ) DC — On JumperU8 
communis , Kontville, kings Co , July 29, 1927, coll J F Hockey 
(U2) 

RoesUh a tacxraiay the acual stage of this species, is reported 
from Nova Scotia by MacKay (14, p 141) Fraser (9, p 391) 
also reports on Amelanchier a Roestclm which he says may bo 
the aecial stage of either this or the following species So far 
as the writer is able to determine, these collections are the only 
reports of the tehal stage of the genus Gymnosporangium from 
the Province 

♦Gymnosporanoium ilavipks Cke A Pk — On Jumperus com - 
mums, Kentville, Kings Co , July 29, 1927, coll J F Hockey 
(123) 

Mklam psora Bigelowu Thilra — On Salix sp , Victoria Park, 
Truro, July 22, 1931 (1112) 

M flam psora Hovboldtiana Speg — On Soliz sp , Upper Brook- 
side, July 27, 1931 (1611) 
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Mflampsorella Caryophyli ackarum SehrOt — On Abus bal~ 
samea , Upper Brookside, June 30, 1927 (71), ooll A R Pnnce 
(6048), Apple River, Cumberland Co , July 18, 1928 (22), ooll 
A R Pnnce (6008), Viotona Park, Truro, June 24, 1929 (1) 
Quite abundant locally, causing the conspicuous yetlow-foliaged 
witches'-broom on fir 

pHRAGMiDitTM americanum Diet — On Rosa sp , Upper Brookmde, 
August 7, 1929, and June 26, 1931 (198, 296), marsh, Onslow, 
August 31, 1931 (1449) 

Puccinia anoustata Pk — On Scirpus rubrotinctus, marsh, 
Onslow, August 31, 1931 (1450), on Scirpus pediceWxtus , 
Upper Brookside, July 27, 1931 (1158), on Scirpus sp , Truro, 
September 3, 1929 (271) 

♦Puccinia Arenariae (Schum ) Wint — On Arenarta peplotdes, 
Pictou Beach, Pictou Co, July 22, 1931 (1114) “Apparently 
a new host,” according to Dr Mams 

Puccinia Astkris Duby — On Aster macrophyllus , Upper Brook- 
side, July 24, 1929 (147) and July 6, 1931 (461), Mt Thom, 
August 15, 1931 (1512), Aster sp , Salmon River rogion, July 3, 
1931 (454) 

Puccinia Cicutab Lasch — On Cicuta maculata, Onslow, August 
31, 1931 (1442) 

Puccinia Ciucaeae Pers — On Circaea sp , Mt Thom, August 15, 
1931 (1453) 

Puccinia extensicola Plowr — On Soltdago sp , Upper Brookside, 
June 22, 1928 (77), coll A R. Prince (6014), July 27, 1931 
(1261), New Glasgow Road, June 30, 1931 (456), on Aster 
acurmnatus , Upper Brookside, June 27, 1931 (298) Abundant 
on Aster and Sohdago 

Pui emu Fraseri Arth — On H ter actum scabrum, Upper Brook- 
side, June 28, 1931 (460), on Hxeracium sp , Upper Brookmde, 
May 22, 1922 (12), coll A R Prince (6009), Truro, May 16, 
1928 (50), coll A R Pnnce (0027) 

Puccinia oraminis Pers — On Agrostxs o&a, marsh, Onslow, 
August 31, 1931 (1451), on Phleum pratense, Upper Brookside, 
August 11, 1931 (885), on Poo sp , tjpper Brookside, July 28, 
1931 (1168) 

Puccinia Grindeliab Pk — On Sohdago sp , Victoria Park, Truro, 
August 8, 1929 (248) 
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Puccini a Hiekacii Mart — On Hieracium, Upper Brookside, 
July 27, 1229 (130), on Taraxacum, Upper Brook side, June 14, 
1929 (136), July 28, 1931 (1169), marsh, Onslow, August 31, 
1931 (1169a) 

Puccinia IitiDte Rab — On Ina ap , Onslow, August 31, 1931 
(1441), Salmon Elver region, August 1, 1931 (1199) 

Puccinia ornata Arth <k Holw — On Rumex (britanmca ?), marsh, 
Onslow, August 31, 1931 (1438) 

Puccinia Prinqsheimiana Kleb — On Carex ap , Wentworth 
Valley, Cumberland Co , August 29, 1931 (1482) 

Puccinia punctata lank — On Galium, Upper Brookside, July 28, 
1931 (1257) 

Puccinia rubioo-veka (DC ) Wint — On Agropyron repens , Upper 
Brookside, June 29, 1931 (459) 

Puccinia bebsius Schneid — On Maianthemum canadensc, Upper 
Brookside, July 1, 1931 (455) 

Puccinia Viola b (Schum ) DC — On Viola, cucuHota, Upper Brook- 
side, June 15, 1927 (122), on Viola ap Evangelme Beach, Wolf- 
ville, June 26, 1926 (29), coll A R. Pnnce (6016), marsh, 
Onslow, August 31, 1931 (1446) 

Pucciniastrum Agrimoniab (Diet ) Transch — On Agnmoma ap , 
Truro, August 31, 1929 (264) 

Pucciniastrum Pvrolak (Karst) SchrOt — On Pyroh elhphca, 
Upper Brookside, June 22, 1926, and July 7, 1929 (76, 138), 
Upper Brookside, June 28, 1931 (452) 

Pucciniastrum Vacciniorum (Karst ) Dietel — On Tauga cana* 
derma, Victoria Park, Truro, July 22, 1931 (1111) On Rhodo- 
dendron ca nadenae, Upper Brookside, July 28, 1931 (1170) 

TuANSCHEttA Thalicthi (Chev ) Dietel — On ThahUrum polygon 
mum , Onslow, August 31, 1931 (1443) 

Ukedinopsis amlhicana 8yd — On Abus balsamea , Upper Brook- 
side, July 18, 1926, and September 5, 1928 (17, 55), coll A E 
Prince (6006, 6206), August 14, 1931 (1337), Killag Mines, 
Halifax Co , July 30, 1931 (1183) On Onodea sermbtha , Upper 
Brookside, August 11, 1931 (1274), Wentworth Valley, Cum- 
berland Co , August 29, 1931 (1274a) 

UnEMNoms Osmvndae Magn — On Oamunda ctnnamomea , Upper 
Brookside, August 11, 1931 (1273), on Oamuruia ClayUmtana, 
Mt Thom, August 10, 1931 (1273a) 
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Uredinopsis Ph*gopteridis Arth “On Phcgoptuis sp , Salmon 
River region, August 1, 1931 (1200) 

Uredinopbis SritumiopTERiDis Slormer — On Onoclea Struthiojh 
tens, Upper Brookside, August 12, 1951 (1281) 

Uromyces acuminatus Arth --On Spartina Michauxiana, marsh, 
Onslow, August 31, 1931 (1439) 

*URO*ntFS appj- ndiculatus Link -On Phaseolus vulgaris, Mill 
Village, Queens Go , August 5, 1927, coll and dot A R Prince 
(114) 

Uromyces Arisafmae Cke — On Ansaema trifoha, Upper Brook- 
side, June 15, 1927 (115) 

Uromvos Iabaf (Pers ) De Bary —On Vtcta Ciacca, Onslow, 
August 31, 1931 (1444) 

Urom'vu-s peuiqynius Halstead —On Carex scoparia, Upper 
Brooksido, July 27, 1931 (1167) 

Urqmyc is Poae Rab — On Poa Inviahs, Upper Brookside, July 10, 
1931 (1266) The first report of this species from America was 
by Fraser (9, p 373), who found it on Ranunculus repens and 
Poa tnmahs near Pictou m 1910 Arthur (North Am blora , 
7 750) reports it from Vermont and Alberta also The present 
collection was found some forty miles from the original 
station 

Uromyces Trifolii (Hedw f ) L3v — On Trtfoltum pratemc, Truro, 
September 21, 1929 (253), on T repens , beach, St Peters, 
Richmond Co, Cape Breton Island, August 3, 1931 (1510a), 
Tnfoltum sp , Upper Brookside, July 28, 1931 (1510), marsh, 
Onslow, August 31, 1931 (1445) 

Uromyces triquetrus Cke — On Hypencum sp , Upper Brook- 
side, July 13, 1931 (1265) 

Auriculariacear 

Auricularia auiijcula-Judae (L ) Bull — On stubs and lunbs of 
Abies balmmea, New Glasgow Road, June 30, 1931 (136), Earl- 
town Road, August 19 and 26, 1931 (1367, 1367a) Fairly com- 
mon on dead coniferous wood 

Eocronartium MuscrcoLA (Fr ) Fitzp — Parasitic upon the grow- 
ing tips of Drepanocladus unctnatus (Hedw ) Warnst , Upper 
Brookside, July 1, 1933 (1567) 
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Kxioia glandulosa (Bull) Fr —On lagus, Upper Brookside, 
June 29, 1931, and July 18, 1929 (324, 55), on Alnus, Victoria 
Park, Truro, October 19, 1926 (91), roll A R Prince (1003?) 
Common, especially on beech 

*Exu>ia Nut leata (Schw ) Burt — On Acer, fr arltown Road, 
August 19, 1931 (1359) Burt (3, p 372) gives E ttpiculata 
as being darktr, thicker, and more rugose than h nucleata and 
as drying fuscous black this collection, when fresh, showed a 
variation from gray or violaceous tints through red browns, as 
does E spindata When fresh, it was puhinatc to rugose and 
as much as 5 mm thick, but it dried down to a famt red-brown 
crust 

*Gyrockphaujs rufos (Jacq ) Bref — On decayed wood, Upper 
Brookside, July 18, 1931, coll A H Smith (1077), on soil, Upper 
Brookside, August 13, 1931 (1077a) 

•Nakmatmma encephala (Wild ) Qu£l — On Abie a balmmea, Mt 
Ihom, August 15, 1931 (1332) 

*Sebacina incrustans (Pers ) TuJ — fr ncrustmg base of fern fronds, 
Middle River, Victoria Co , Cape Breton Island, August 5, 1931 
(1230), on exposed roots of trees, Upper Brookside, August 12, 
1931 (1230a) 

*Tremella atrovtkens (Fr ) Sacc — On old sphaenaceous stromata 
on Salix, Upper Brookside, July 10, 1931 (1059) Fruit bodies 
small, pulvinate, 0 8-3 mm m diameter, smooth or slightly 
roughened or gyrose, scattered, grouped, or confluent, deep 
yellow- or olive-brown at first, becoming black G W Martin, 
who examined the specimen and suggested that it is this species, 
which has not so far been reported from Amenca, grves me the 
following data by letter “Bamdia 2- or 4-celled I have seen 
no attached basidiospores, but there are many globose spores 
which I take to be basidiospores, mostly 5-6 p m diameter but 
ranging from 4-7 m " 

♦T&bmella foliacea (Pers) hr — On Abies balsama, St Peters, 
Richmond Co, Cape Breton Island, August 3, 1931 (1233), 
Earltown Road, August 22, 1931 (1233a) Both these collec- 
tions on conifers were small, 2 3 cm in diameter, and brownish 
violet, and are apparently \ ar t nolcscem Alb <fe Sohw 
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Tremella lutebcens (Pers ) Fr — On Cornu* aUemtfolta, Upper 
Brookside, July 16, 1931 (1067), on Fagus, Upper Brookside, 
July 25, 1929 (92), and on Acer, Upper Brookside, July 13, 
1929 (117) 

♦Tremella mtcetophila Pk — On CoUybia, dryophxla , Mt Thom, 
August 15, 1931 (1309) Regarded by some as an aberrant 
growth form of the Collybia 

♦Tremellodenpron candidum Berk & Curt — On soil, Earltown 
Road, August 22, 1931 (1500), Upper Brookside, September 4, 
1931 (1501), Mt Thom, August 11, 1927 (11), coll A R 
Pnnce (6163) 

♦Tremellodenpron merismatoides (Schw ) Burt — On soil, Upper 
Brookside, August 24, 1931 (1502) 

♦Tremellodendron pallidum (Schw ) Burt — Under hardwoods, 
Mt Thom, August 15, 1931 (1320) 

Tremellodon Oelaxinosum (Scop ) Fr — On dead wood, Middle 
River, Victoria Co , Cape Breton Island, August 5, 1931 (1216) 


Dacryomycetaceae 

*Calocera cornea (Batsch) Fr — On Fagus, Upper Brookside, 
July 11, 1931 (488), on Betula, Folleigh Lake, July 20, 1931 
(488a) On Betula there is sometimes a flattening or a slight 
branching of the apex of the fruit bodies, but for the most 
these are simple ' v r 

♦Calocera palmata (Schum ) Fr — On Abie* baleamm, tfyltetgh 
Lake, July 20, 1931 (488b), on conifer wood, Mt Thom, 
August 15, 1931 (488c) These collections on conifers show a 
much greater branching of the fruit bodies The spores (9 5- 
12 X 4 5-5 ju and 9-11 X 2 5-4 pl) are also slightly larger than 
those of C cornea on hardwoods (8 5-10 X S 5-4 5 p)* No 488b 
is somewhat intermediate between these two species, with a 
flattening and branching of the tips, but 488o is tfchly branched 
and up to 1 5 cm tall, resembling a small Clavaria These 
specimens are too small for C vtscosa and do pot have the rooting 
base of that species They might be placed in C furcaia Fr , 
which occurs on conifers, but seem more likely to be <7, palmata, 
which is probably an extension of the range of variation of 
C cornea 
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Dacryomitra ramosa, ep nov * (text Fig 3) — Gelatinous fruiting 
heads one or more, 2 -6 mm in diameter, flattened, disklike at 
first, becoming confluent and convoluted, sometimes sessile, but 
generally upon a well-developed stalk, orange-colored Stalk 
1-8 mm in length, yellowish white, slightly pubescent, more 
fleshy than the hymenophore, usually tapered toward a pointed 
base and branching above into 2-3 short, stout branches which 
bear the hymemal heads Stipe 3-5 mm m diameter at the 
point of branching Basidia 50-60 X 4-5 ft, sterigmata varying 



Fig 3 Habit of fruiting bodice (left) and spores of DacryomUra ramosa 


up to 32 p in length Spores ellipsoid or somewhat curved, 
apiculate, hyaline, and one-celled at first, becoming 8-eelled and 
somewhat yellowish at maturity Septate spores were seen 
budding off minute secondary comdia, which were bacillar and 
measured 1 5-3 0x10 ix Some spores also seen with germ 
tubes Spores 15-24 X 6 5-8 5 fi 
In general form this species seems to approach most closely 
Dacryopm nuda Massee, which, however, has 3-septate, smaller 
spores If the genus Dacryopsis is recognized, this species might 

1 Dicry omJtra ramosa, Bp nov — Capitals auranti&ca, gelatmosa, nun 
diam , interdum seesilia, sed e&epissimc distincte stipitosa, mventate dlsciformia, 
depress*, aetata confluence, convolute Stipes 1-8 mm longus, albide lutaus, 
subptibescens, textura carnoeior quam hymenophonum, pleruraque versus baalra 
aeutem angustetus, infra furcationem 3 & mm criuwua, sursum ramosus, ramis 
3 vel 3 brovtbue, validla, aptcc oapitula smgula vel phira hymenlalla ferentibus 
Basidia 50-60 p longs, 4-5 m ersssa, stertgmatibua 32 m non e^cedcntibua 
Sporae 15-24 ft longae, 6 5-8 5 M craasae, ellipsoideae vel ourvatae, apiculatee, 
wuoellvilae vel demum 8*ceUul*e et eublutesoentes, aut germination* tubum pro- 
ferenta* ant comdia ferentes Conidi* minute eecondaria ex spons septatm 
germinatione denvata bwuUaria, 1 5-8 0 p long*, 1 0 ft crawa In tninco effeto 
coiUfero, props '* Middle River," in Com. Victoria, Cape Breton Island, Nova 
Scotia, legit auctor Specfmln* typica in Herb Umv Mich et in collections 
auctorU conservate aunt 
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better come withm it, but inasmuch as the distinctions between 
these two genera are not well understood) the older and more 
broadly defined generic name is used 
G W Martin, after a study of this material, has suggested 
that it might be a stipitate form of Darryomyces palmatus (Schw ) 
Bres It is true that the spores are identical with those of D 
palmatu8 t which does sometimes have a somewhat developed 
stalklike base, whereas this species la also occasionally almost 
sessile On the contrary, the stalks of D ramosa are much more 
strongly developed than those of D pnlmalus and the hymeno- 
phore is flattened and diskhke, but never flabeihform The 
fertile gelatinous portions are more like the sessile fruiting bodies 
of D abwtinus (Ptrs) Schrtit , which also has identical spores, 
but no stalk whatever It may be that further material will 
prove that these characters of hymenophore development and 
stalk production are extremely variable, but this collection 
differs to such an extent from both Daeryomyces palmatu s and 
D abtctmuH that it is best considered a separate species 
Dacrvomycb^ dvuquesckns (Bull ) Duby — On beech log, Upper 
Brookside, July 11, 1931 (487) There has been a great deal 
of confusion in regard to this species As defined by Rea and 
Bourdot and Galzin, it probably represents a species complex 
with a range of variation including both it and the following 
species The collections from Nova Scotia, however, revealed , 
two distinct species within this range of variation One, usually 
on conifers, was identical with Burt’s interpretation (3, p 382) 
of D deliquescent, a second, usually on hardwoods, answered 
the following description Fruiting bodies yellow to orange, 
2~10 mm in diameter (sometimes hyaline or light yellow on 
under side of log), disk-shaped or becoming definitely wrinkled 
to gyrose A slight whitish foot m the center of the under side, 
but no definite rooting base Spores curved, lacrymose, apicu- 
late, hyaline to pale yellowish, one-oelied, becoming four-celled, 
12 5-15 5 X 5-6 m In a recent paper Miss Fisher (8, p 117) 
interprets this second species as D deliquescent and relegates 
the one which Burt interpreted as D deliquescent to D minor 
Peck Since this seems to be the correct interpretation of these 
two species, it Is here adopted 

Dagryomyces minor Pk — On decorticated spruce, Upper Brook- 
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nlde f June 28, 1931 (311), on Abies, Upper Brookside, June 28, 
1931 (312), Aillag Mines, Halifax Co, July 20, 1931 (311a) 
This species is often found as gregarious or confluent fruiting 
bodies extending for some distance along decorticated stubs of 
conifers The fruiting bodies are small (1-2 5 mm) and pul- 
vinate and range in color from white to dirty or smoky yellow 
or dull orange The spores are lacrymose, curved, hyaline, 
12-15 X 4 5-6 Mi and one-cclled at first, becoming l-3-seplatc 
at maturity 

llACKYOMYcas palmatub (Schw ) Bros — On Acer spicatum, Upper 
Brookside, July 18, 1931 (1083) 

Ditiola kadicata hr — On Abies, Upper Brookside, September 3, 
1931 (1466) Although not on decorticated stems and with 
spores somewhat larger than the sizes given by Bourdot and 
Galzin and Lloyd (Mycol Notes, 64 990), this is apparently 
D rodxcata Fries The fruiting bodies are erumpent through 
the bark, short-stalked, pezizoid or irregular in shape, 0 5-2 cm 
in diameter, sometimes in groups of 2-3 and pale yellow at first, 
becoming darker at maturity lhe margin is usually white, 
smooth or slightly wrinkled, and the stem and the under side 
of the pileus are minutely white floccoso-tornentose lhe su- 
perior hymemal layer is rather fleshy and distinct, particularly 
in cross-section of the dried plant The flesh is tough-gelatinous, 
and whitish translucent throughout Stems stout, 2-6 X 3~6 
mm Spores ellipsoid with a cun ed apiculus, hyaline becoming 
pale yellowish, granular, nonseptate, and 16-19 X 7 m On 
drying, the plants retain their shape and Ann texture, and the 
hymemal surface is bright yellow m contrast to the dried plants 
of Femsjonta luteoalba 

♦Fembjonia luteoalba Fr — On Betula, Upper Brookside, Septem- 
ber 5, 1931 (1466a), on Fagus, Salmon River region, September 
7, 1931 (1466b) This species w as seen in an immature condition 
in the woods for some tune before mature material was collected, 
in the first week in September When immature, with the spores 
still nonseptate, it is similar to D radicata as found on fir The 
mature and dried plants, however, show distinct differences 
The fruiting bodies of F luteoalba are borne singly or in clusters 
and are then often confluent The stein and the under side of 
the pileus may be whitish floccose-tomentose at first, but not 
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at maturity The pilei are 2-5 cm m diameter and 1 5 cm in 
thickness The spores are ellipsoid, with a curved apiculus, 
hyaline and one-celled at first, finally becoming pale yellowish, 
granular and 9 12-septato, and measuring 20—28 X 8 5-10 5 p 
The fruiting bodies are larger and more homogeneously gelati- 
nous than those of I) radteata, and the spores are larger and 
many-septate at maturity When dry, the fruiting bodies col- 
lapse to a thin, homy, red-brown to orange stratum, which 
condition is quite distinct from that of dry D radteata 

Exobabidiaceae 

•Exobasidicjm Vaccinh (Fck ) Wor — On Vaccimum sp , Victoria 
Park, Truro, June 20, 1933 (1540) 

Clavariackak 

The genus Clavana is quite abundant, m both species and indi- 
viduals, in Nova Scotia Inasmuch as certain species show a great 
deal of variation and as authors express differences of opinion about 
the specific ranges, careful field notes were made of all these collec- 
tions The following list presents only a preliminary survey of this 
genus, and until more extensive field studies cau be undertaken in 
order to delimit specific variations, some collections in the more 
difficult sections must be placed more or less arbitrarily 
Clavaria muc ida Pers var Curtisii Berk — On decayed wood 
with a coating of algae, Salmon River region, August 1, 1931 
(1203), September 7, 1931, coll A H Smith (1203a) This 
little white form with simple clubs is always associated with an 
algal crust on the wood and is supposed by some writers to be 
hchenicolou8. 

•Clavaria subfalcata Atk — On bare soil, Upper Brookaide, Sep- 
tember 4, 1931 (1409) Plants small, 1 5-3 cm tally 1*1 5 mm 
in diameter, growing singly or in Bmall clusters, simple, cyhndnc, 
pointed at the apex, often somewhat thickened above the middle 
Color variable, from “pnmullne yellow" through paler shades 
to a creamy white in many plants, and in on 6 plant pure white 
Stem distinct, shiny, and, in paler plants, a darker yellow than 
the club Spores globose to subglobose, somewhat narrowed 
toward one end, hyaline, smooth, 6-7 X 5-6 p All baeidia 
seen were 2-epored These plants are difficult to place They 
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have spores similar to those of C appalachiensis , but are smaller, 
they are without the long striate clubs and occur on soil instead 
of wood They approach C acuta , but have smaller spores and 
are usually yellow Their spores differ from those of nearly all 
the simple yellow species, but as a whole they seem to approach 
most closely to C subfalcata The 2-sporod basidia suggest 
C fuscata, but no garlic-like odor was detected 

*Clavakia gracilmma Pk (PI LI, Fig 1) — On decayed or buried 
wood, Upper Brookside, August 14, 1931 (1305), September 4, 
1931 (1305a) , Salmon River region, September 7, 1931 (1305b) 
Between ‘‘pale orange-yellow” and “orange-buff” to “deep 
chrome,” 15-4 cm tall, stipe 0 5-1 mra in diameter, fertile 
tip 1-2 mm in diameter Fertile tip tough-fleshy, elastic, dis- 
tinct from the stipe, which is more fibrous and shining yellow 
Tip acute Flesh yellow, hymemal layer lighter in color Ba- 
sidia 4HBpored, 7-9 p in diameter Spores ellipsoid, apiculate, 
hyaline, minutely asperulate (at least mature spores), 7-8 5 X 
3 5 ju This species has apparently been known only from Peck’s 
type, to which these collections conform in all respects Al- 
though often found among mosses, as Peck says, the clubs were 
always attached to buned wood or sticks The fertile tips dry a 
dull yellow or tan, the stipes a more shining yellow or, often, a 
reddish yellow above 

*Olavaria ntmpEs Atk — On decayed leaves, Mt Thom, August 
15, 1931 (1314) The spores (3 5-4 X 2-2 5 ju) were somewhat 
smaller than the measurements given by Coker and Atkinson, 
perhaps because of immaturity 

*Cia.varu pulchra Pk — On the ground under mixed woods, Mt 
Thom, August 15, 1931, coll A H Smith (1312), Earltown 
Hoad, August 19, 1931 (1312a) Young plants of collection 
No 1312 show what appear to be conidia Long slender hyphae 
(l-l 5 m in diameter) grow out through the hymemal layer to a 
distance of 20-30 p and cut off from their apices numerous 
oblong-eylindric conidia, which are hyaline and measure 4-11 X 
1 5-2 p Typical basidiospores were found in these same hy- 
roema and the plants appear normal in all respects, showing no 
Indication of parasitism ^ 

The three species, C pulchra , C <mrantUHnnnabar%M t and 
C fusifonms, include a closely related senes of forms There is 
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a good deal of vanation m color, size, structure, and grouping 
of the clubs, but the three can easily be separated by spore 
characters and certain other correlated distinctions C fim- 
formis tends to have more densely fasciculate groups of clubs, 
which are usually hollow and remain various shades of light 
yellow upon drying, only the tips turning a resinous reddish 
brown The spores are globose, with a central apiculus, and 
measure 5-65x45-6/* In both C pulchra and C aurantto - 
annabarma the clubs are less densely fasciculate, usually solid 
and in drying tilrn a resinous 1 eddish brown all the way, or 
almost, to the base C pulchra is bright yellow to chrome and 
has oblong spores, flattened on one side, 5 5 7 X 3 5-4 5 p, with 
an excentnc apiculus C au rantio-ct nnabart na has orange to 
reddish fruiting bodies and the spores are more subglobose, 
5 5-7 X 4 5-5 p f with an excentric apiculus 

*Clavaria aukantiocinnabakwa Schw — On ground in mixed 
woods, barltown Road, August 21, 1931 (,1360a) A collection 
lost m transit showed certain marked deviations from the charac- 
ters of C aurantichcinnabarina The tips were lighter yellow 
when young, the spores were markedly triangular, with an 
apiculus at one angle, and the hymemum contained dark reddish 
brown conducting organs 3 5-7 p in diameter This may ha\ e 
represented a new species The spores were 6-7 X 4-5 2 p 
The second collection showed similar characters but not in bo 
marked a degree 

Glavaria fubiformis Sower (PI LII, Fig 2 a) — On soil under 
conifers and mixed woods, Upper Brookside, July 24, 1931, coll 
A H Smith (1132), Mt Thom, August 10, 1931 (1132a), 
barltown Road, August 19, 1931 (1132, b-d), Economy River, 
August 31, 1927 (34), coll A R Prince (6213, 6254), Wabn 
Lake, Shel bourne Go , August 31, 1928, coll A II Prince (6114), 
Westcook’s Cove, Guysborough Go , September 6, 1925, coll A 
R Prince (1158) This is probably the most common of these 
three species 

Cl a v aria vbrmicularis Fr — On soil under woods, Upper Brook- 
aide, August 18, 1931 (1086), August 23, 1931 (1086a) Clubs 
simple, fasciculate at the base, tapering upward and downward, 
pure white, cylindrical, hollow, 4-9 X 0 2-0 5 cm Spores ovoid, 
smooth, hyaline, 4 5-5 5 X 35 p In the later collection (1086a) 
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the clubs uere pinkish tan, the tips collapsed, dirty brown, and 
the spores were somewhat larger, 57X2535 jlc In this con- 
dition these plants might well be interpreted as the flesh-colored 
form of C kelveola ( C incamata YVemm ) or C rowa Dalrn , as 
described by Coker (4, pp 38, 39, 40) 

♦Clavakia fukpurka Fr emend Kauffm — On soil under conifers, 
Salmon Rrver region, August 18, 1931 (1345), August 24, 1931 
(1345a) Gregarious, clubs simple, single or cespitose, young 
plants “ light grayish vinaccous” toward tips, lighter creamy 
toward base Older plants “pale ochraceous-buff” to 41 pinkish 
buff/ 1 often with shades of pale amethyst (“light vmaceous- 
gray”) Tips soon shrinking and becoming dirty grayish brown 
Base whitish tomentose Clubs 3-12 cm tad, 15 5 mm thick, 
fleshy-fibrous, bnttle, fusiform, straight or sinuous, hymenium 
often peeling away, stuffed, becoming hollow Odor nom , taste 
none or faintly fishy Basidia 4-spored, 6-7 p m diameter 
Spores ellipsoid, hyaline, smooth, slightly apiculate, often in- 
equilateral or curved, 5 5*7 X 3 4g Some giant spores, 8 10 X 
4-5 p, were also seen on 4-spored basidia of No 1345a The 
hymemum is thickly studded with stout, h> aline, cyhndnc 
cystidia, which are 45-450 X 7-9 p Kauffman (13, p 143) has 
pointed out that specimens of C puiyurea in Sydow, Myc 
Germ No 1833, although similar m all other respects to C 
/umo«a, show large cylindrical cystidia in the hymemum These 
specimens agroe very well with Kauffman’s emended descrip- 
tion of this species At the same timo Kauffman described a 
second species, C fumowule& } from Qunuault, Washington, which 
differed m its smaller spores (7-9 (10) X 3 5-4 5 pmC purpurea 
and 5-6 (7) X 3 5 p in C fumosoides) and its occurrence in open 
fields instead of m fir woods The writer's collections have the 
small spores of C fumosotdes t but were found in spruce and fir 
woods It is also interesting to note that giant spores, similar to 
those of C purpurca f occurred in one of the specimens An ex- 
amination of Kauffman’s type of C fumosotdes shows the spores 
to be 6-6 X 3-4 p The spores of Sydow’s specimen are slightly 
larger (7 5~9 2 X 3-4 5 m)> but there is not sufficient distinction 
for specific separation In view of these facts it seems that 
C futrwsotdes should be regarded as a synonym, or at most a 
habitat form of C purpurea Fr 
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Clavaria liqcla Schaeff (PI LII, Fig 1) “Under conifers, 
Salmon River region, August 13, 1931 (1297), Upper Brookside, 
August 4, 1931 (1297b), August 20, 1931, coll A H Smith 
(1297a), September 5, 1931, coll A H Smith (1297c) Oc- 
curring locally but gregarious and in large troops m oomferous 
woods 

Clavaria pistiluaris L — On soil under hardwoods, Upper Brook- 
side, August 27, 1931, ooll A H Smith (1417), Folleigh Lake, 
August 29, 1931, coll A H Smith (1417a) These specimens, 
here referred to C jnsttllans , were ©longate-clavate, somewhat, 
but not abruptly, swollen above The spores were 8 6 9 5 X 
5-7 5 m 

♦Clavaria muscoidbs L “On soil, Earltown Road, August 19, 
1931 (1303), on old stump, Earltown Road, August 22, 1931 
(1388) Specimens without the rank f&rmaoeous taste men- 
tioned by Coker, spores globose to subglobose, smooth, hyaline, 
5-7 X 5-0 m 

♦Clavaria (Lachnocladium) ornatipbs Pk “On mossy bank 
under hardwoods, Lake O'Law, Inverness Co , Gape Breton 
Island, August 5, 1931 (1218) 

♦Clavaria lavbndula Pk — On soil under hardwoods, Salmon 
River region, August 18, 1931, ooll A H Smith (1347) Deep 
amethyst violet (“argyle purple" to "Bishop's purple"), 4-5 
cm tall, cespitose with the bases more or less fused, deshy, 
very brittle Clubs erect, sinuous, terete to somewhat flattened, 
surface rugose, simple or with 2-3 branches or with short obtuse 
branches at the apex, 1-4 mm in diameter, bases lighter, gray 
to cinereous Odor slight, taste slightly farinaceous Tips dried, 
brown, hairhke Spores ellipsoid, hyaline, flattened on one side, 
5-6 X 3 5-4 ju Coker (4, p 90) considers this species & synonym 
of C amethysimo There is confusion in regard to the interpre- 
tation of C amethystina and a wide variation in spore measure- 
ments is given for it (see Bourdot and Gaisin, p 107) Since 
Peck's description and spore measurements for C lavtndula fit 
our plant very closely his name U retained for these collections 

♦Clavaria croc&a Pers — On leaf mold, Earltown Road, August 13, 
1931, coll A H Smith (1361) 1-2.5 cm tall, deep orange- 

chrome, main stalk long and slender, up to one oentimeter 
Branching regular, dichotomous, 3-4 times, open Tips blunt, 
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2- pronged Spores globose, hyaline, 2 5-3 5 p m diameter 
Taste bad, odor none A very beautiful little plant in fresh 
condition 

*Clavaria subtilis Pers (?) sensu Oudemans — On moss or humus, 
Earltown Road, August 21, 1931 (1379), August 22, 1931 
(1379a) Small, 1-2 cm tall, pure white, occasionally simple 
but usually branched 1-3 tunes m an antler-like fashion Pri- 
mary stalk 5- 12 mm long, 0 5 1 mm thick, secondary branches 
dichotomous or fascicled, often flattened, 0 2-1 mm thick, angles 
rounded giving an open branching Tips concolorous Base 
sometimes slightly darker Spores subglobose, hyaline, smooth, 

3- 3 5 X 2-3 p These plants have the build of C crocea but 
are white They might be mistaken for young plants of C 
Kuniet, having spores and texture similar to those of that 
species but showing certain differences as follows These plants 
are single with a definite prtmary stalk 5 12 mm long and 
usually few, comparatively fine (02 05 mm thick) open 
branches, whereas C Kunzei , even in young plants, is fas- 
ciculate, branching from the ground line and with main branches 
1 5 mm in diameter and with even the secondary branches or 
tips 0 6-2 mm in diameter 

This species seems to be either the C subtilis or C macropus 
of Persoon (20, p 51) In his figure (PI I, Fig 2), he shows 
two plants with two names in vertical column If the upper 
name ( C subhhs) refers to the left-hand figure, thiB species 
resembles € cnstaia , and the right-hand figure (C macropus ) 
resembles our plant Coker (4, p 95), however, states that 
Fries* interpretation of C macropus (based on specimens col- 
lected by Fries and deposited at Kew) would place it as a 
Synonym of C cnstaia Coker gives C subtths as a doubtful 
synonym of C Kuntei Renouf (21) and Bourdct and Gal tin 
(2) describe the spores of both C subtilis and C macropus as 
oblong to subglobose and larger than in our plants There are 
several descriptions of C subtilts in the literature, however, 
which fit our plants very well That of Oudemans (19, p 674) 
follows “Espfcce terrestre, name, simple ou ramcuse (une ou 
deux fois bifurqute), & tige et raraeux gr61es, blancs ou grts&tre- 
jp&le, atteignant & peu prfca le ro&ne niveau Spores mcolores, 
i k 3 5 m en diam Hauteur de nos exemplaires 1 & 2 cent , 
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6paisscur 4 ft 1$ mill ” This conforms to the plant referred to 
by Cotton and Wakefield (5, p 196) as a slender white to pale 
yellow species which would pass for the C subtihs of Rea except 
for the subglobose spores, 3 p in diameter Our plants are 
therefore referred to C subtiha as interpreted by these authors 

( lavaria Runzm Fr (PI LII, Tig 2 0 — On much-decayed wood 
or soil, Mt Thom, August 10, 1931, coll A H Smith (1250), 
Upper Brookside, August 14, 1931 (1250a) Pure snow-white, 
sometimes with yellowish discolorations toward the base, 2 4 
cm tall, clustered Fragile, fleshy, but somewhat elastic, break- 
ing up at the base into several stout main branches, 2-4 mm 
in diameter Branches somewhat flattenod or expanded upward, 
in groups of 2-4, ascending at a wide curving angle giving an 
open, stout branch system Ultimate tips short, stout, pointed, 
numerous Basidia four-spored, 4-4 5 fi m diameter Spores 
hyaline, globose, minutely echinulate, 2 5-3 (3 5) /u in diameter 
1 aste none, odor slight 

These plants often had a much more flattened and cristate 
branching system than those shown in Coker's figure (4, PI 29), 
as is apparent by a comparison with Plate LII, Figure 2 c His 
plate shows plants with a habit more hke that of the plants 
here referred to C mbtihs, but much larger and more densely 
branched Some of the plants seen m Nova Scotia also approach 
this habit 

Clavaria cristata (Holmsk ) Pers — On soil under mixed woods, 
Upper Brookside, August 8, 1931 (593), Victoria Park, Truro, 
July 23, 1931 (593a~b) Probably the most abundant of the 
species of Clavaria Also one of the most variable C cxnerea 
and C rugoza are regarded by Coker as merely varieties or 
forms of this species, which is probably the correct interpreta- 
tion, since all intermediate forms can be found Generally, 
however, the plants can be easily referred to one or another 
of these groups, and our collections have been so distributed 
under these three names 

Clavaria cinerea Bull — On soil under mixed woods, Victoria 
Park, Truro, July 23, 1931 (1131), August 16, 1929 (249), 
Five Mile River, Hants Co , September 1, 1927 (73), coll A R 
Prince (6218) The same as C enstata but dirty whitish, “light 
gull gray" to “deep plumbeous" instead of white These plants 
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dry a grayish or cinereous yellow instead of a clear chamois, as 
in C cristate Very common 

Clavaria RU0O8A Bull — On soil in mixed woods, Upper Brook- 
side, August 14, 1931 (1306), Farltown Road, August 22, 1931 
(H06a) This form of C cnstata is less common than are the 
other two The clubs are stouter, simple or lobed, irregular, and 
rugose, and they generally appear deformed Plants of ( cris- 
tate which are parasitized by Roselhnia Clavanat (Tul ) Rehm 
(PI LI, Fig 2) have a similar appearance, and it is possible that 
plants placed m this species owe their characteristic appearance 
to a parasitism which is not manifest in any other way The 
plants dry a yellow ocher 

♦Clavaria flaccida Jr — On duff under spruce and fir, Salmon 
River region, August 1, 1931, coll A H Smith (1196), Mt 
Thom, August 15, 1931 (1196a), Jarltown Road, August 21, 1931 
(1196b-c) Ochraceous, “chamois" to “ hght-orange-yellow , ” 
1 5 6 cm tall, with a definite short stem rising from a mycehoid 
base Branching more or less fasciculate, angles rounded to 
acute, ultimate tips fine, taper-pointed, lighter in color, often 
incurved Plants tough-fibrous, flesh white Basidia 4-epored, 
7 ^ in diameter Spores ellipsoid, brownish, apiculate, minutely 
spmulose, 6-8 5 X 3 -4 ft Base of stem whitish Odor slightly 
fragrant, taste slightly acrid No greenish stains on plant 
Coker considers this species a synonym of C abietina, but the 
plants here referred to that species differ m several respects 

Clavaeia abietina Pere — On duff under spruce and fir, Upper 
Brooksidc, August 16, 1931, coll A H Smith (1320) Olive- 
ochraccouB, smaller than C flaccida, 1-2 5 cm tall Stem with 
white mycelial base, branches erect, stout, irregularly fascicu- 
late, tips short-pointed Turning sage-green where bruised, 
especially toward base Taste slightly bitter Spores clhpeoid- 
apiculate, brown, finely echmulate when mature, and 7 X 3 m 
D rying a greenish to yellow-olive C flaccida differs from thin 
species m the usually larger size, ochraceous or tan rather than 
olive shades (whether fresh or dry), and the lack of any greenish 
stains 

♦Clavaeia jsuecica Fr — On decaying leaves or needles under hard- 
woods or conifers, Earl town Road, August 19, 1931 (1362), 
August 21, 1931 (1302a), Upper Brookside, September 4, 1931 
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(1362b), Economy River, August 31, 1927 (54), coll A R 
Prince (6211) A characteristic species occurring gregariously 
in troops on leaf mold and duff Plants 2-5 cm tall, pinkish 
tan to flesh color, pellucid, with a white tomentose base, which 
continues throughout the substratum as numerous white mycelial 
strands Flesh tough and elastic Tips short, acute, whitish 
Base and lower axils with orange-brown scurfy areas Spores 
ellipsoid, minutely asperulate, hyaline or pale brownish, 7-8 5 X 
2 5-4 Odor musty or rancid, taste bitter 
Clavaria gracilis Pers — Usually on moss, under conifers, Upper 
Brookside, August 20, 1931, coll A H Smith (1372), under 
hardwoods, Earltown Road, August 21, 1931 (1372a), Five 
Mile River, Hants Co , September 1, 1928 (60), coll A R, 
Pnnce (6220) A graceful little species also occurring in troops 
and arising from a basal system of mycelial strands which mat 
the leaves or duff together The plants are white to fleshy white, 
somewhat watery, darker below, fleshy-fibrous, not brittle but 
pliable, with a primary stem 1 5 cm long and 2-4 mm in 
diameter, branching in an irregular fashion into a number of 
slender, erect, often sinuous branches with the tips taper-pointed, 
often curved Spores ellipsoid, apiculate, hyaline to pale brown, 
5-fi x 3-3 5 /u Odor faintly sweetish, taste none or slightly 
bitter 

♦Clavaria byssiseda Pers 1 — On beech or hardwood leaves, Salmon 
River region, August 18, 1931, coll A H Smith (1346), tJpper 
Brookside, September 3, 1931 (1346a) This 1$ the third of the 
tough fleshy-fibrous species found in troops arising from the 
mycelial strands of a matted substratum Plants up to 5 cm 
tall, pale pinkish ochraoeoua (“light ochraoeous-saimon”), tips 
paler (“pale ochraceous-salmon “), base darker Whitish myce- 
loid base soon breaking up in a fasciculate manner into a number 
of secondary branches, which again divide into fine, erect 
branches with the ultimate tips long, fine, threadlike, acute, 
divaricate, or curved Spores ellipsoid, hyaline, apiculate, some- 
what “swaybacked,” smooth, 10-14 X 2 5^3 5 p This species 
is apparently variously interpreted, but our plants fit very well 
the description given by Coker A reddish color when bruised 
was seldom noticed, and no greenish tips, which have been re- 
ported by some European authors, were seen 
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The following large, fleshy species of the section Ramana 
are the most difficult to place They show a great deal of varia- 
tion in nature in many of the very characteristics used for 
specific separation such as color, color changes, stature, taste, 
and odor There also have been a large number of species 
based on such characteristics and there is a wide difference of 
opinion in the interpretation of the older species The writer 
hopes to have further opportunity to mako field observations 
of these difficult but interesting species in order to determine 
more accurately the specific limits within the group For the 
present the collections are referred to those species which they 
approach most closely, although there is seldom complete agree- 
ment with the descriptions 

Clavaria flava Schaeff senm Coker — Soil under hardwoods, 
FoIIeigh Lake, August 29, 1931, coll A H Smith (1429), Upper 
Brookside, Septembers, 1931, coll A H Smith (1429a) Plants 
7 20 cm tall, 7-18 cm or more across, “Naples yellow,” “anti- 
mony yellow,” “pale orange” to “ochraceous-orange ” Base 
massive, breaking up into large main branches, 1-3 cm thick, 
which break up rapidly into a dense, erect, brushhke mass of 
finer branches, 1-6 mm m diameter Branching irregularly 
dichotomous, intemodes often long and slender, angles acute, 
rounded, tips short, blunt-pointed, bifid to quadrifid Flesh 
yellowish or pinkish No stains seen Odor faintly sweetish, 
taste none Spores ellipsoid-cylindric, apiculate, hyaline becom- 
ing pale brownish, smooth (or minutely rough), 9 5-11 X 3 5 M 

Ttus plant fits very well Coker’s description of C flava Schaeff , 
although the spores are somewhat larger The C flava Fr of 
Cotton and Wakefield has larger spores (11-14 X 4 5 y) and 
shows reddish stains where bruised 
♦Clavaria flava var aurra Coker — On damp soil under coni- 
fers, FoIIeigh Lake, August 29, 1931 (1428) “Orango-buff” to 
“mikado orange”, where protected, lighter yellow, “amber yel- 
low” to “apricot yellow”, base white Plant 5*12 cm tall, 
base branching into a number of stout main branches, 10-17 
mm in diameter, which in turn branch into a number of erect 
curved, thinner branches with rather long internodes Ultimate 
tips cusplike, very short, in groups of 3 or 4 Flesh yellow, 
rather crisp aid brittle, fibrous Tips turning reddish vjnaoeous* 
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Odor faint, unpleasant, taste none Spores ellipsoid-oblong, 
apiculate, hyaline, smooth, 7-8 5 x 3 5 m — This plant differs 
from the collections placed under C ftava m the darker orange 
color, reddish vinaceous tips, and smaller spores It seems to 
be closest to Coker's var awr<a 
*Clavakia obtusissima Pk — ( )n soil under conifers, Earltown 
Hoad, August 27, 1931, coll A H Smith (1412), Upper Brook- 
side, August 27, 1931, coll A H Smith (1414), Upper Brook- 
side, August 27, 1931, coll A II Smith (1415) Plants rather 
large, 915 cm tall, “warm buff" or “amber yellow " to “light 
ochraceous-buff " or “ buff-y< I low" when fresh, tips lighter or more 
yellowish, “baryta yellow" to “apncot yellow" Base white, 
massive, rooting, 2~5 cm in diameter, breaking up into a num- 
ber of stout main branches at the ground line, and rebranching 
into finer, upright, crowded stems, 1-5 mm in diameter Inter- 
nodes rather long, ultimate tips short, blunt, cusphke Flesh 
white, fleshy, fibrous, brittle, or somewhat elastic Spores 
ellipsoid-cyhndnc, apiculate, hyaline to pale brown, smooth, 
10 13 x 3-3 5 ix Odor faintly sweetish Although very simi- 
lar in general appearance, color and spores, the three collections 
differ in minor details and are very difficult to place definitely 
Ihey are similar to the plants referred to C secutuia, but the 
spores are longer and narrower In No 1415 the tips and bruised 
places turn a dull cinereous violet or reddish color very slowly 
and the tips dry a dull reddish In No 1412 the yto&oeous or 
reddish stains, where bruised, as in C rufescens , are it|Qi» marked, 
but the spores are not striated, asm C rufescens The main 
stems of No 1412 are beset with numerous short, tooth-like 
branches, as in C secutuia (according to Coker), but it does not 
have the odor or the broad spores of that species No 1414 
was “amber yellow" to "mustard yellow,” with a distinct 
pinkish caste and concolorous tips, and in this respect it ap- 
proaches C formoea, but it did not have the yellow tips or the 
broad rough spores of that species It is probably the northern 
pinkish form of C obtusissima mentioned by Coker 

skcunda Berk <fe Curt sensu Coker —On soil under 
conifers or hardwoods, Victoria Park, Truro, July 22, 1031 
(1116), Upper Brookside, July 24, 1931, coll A H Smith 
(1116a), August 20, 1931, coll A H Smith (1371), Follelgh 
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Lake, August 29, 1931, coll A H Smith (1371a), August 26, 
1931 (1371b) These plants are 4-11 cm tall and have the 
build of C obtmis8ima as given above, but are creamy white to 
pale tan with tints of pale pink or flesh (“light orhraceous- 
salmon" to “ buff-pink/’) rather than with the yellow shades of 
C obtusimma Tips concolorous or lighter or pmkish, often 
turning reddish brown or cinereous- vinaccous where bruised or 
aged Odor and taste none or slightly sweetish Spores ellipsoid, 
apiculate, hyaline or pale brown, shorter and broader than in 
C obtustssima , ochraceous in mass, smooth, 8 5-10 X 4-5 p 
(7-6 5 X 3 5-4 5 p in No 1116) Referred to C sccunda as 
described by Coker, although the odor of rancid ham was not 
noted Coker gives the spores of the type of C secunda as 
10-12 X 4 5-5 5 p, but Burt gives them as 10-13 X 3 5 4 5 p 
Burt's measurements are again of the type here referred to 
C obtumaima No 1116 is a smaller plant {+-7 cm) with 
smaller spores and agrees very well with € vetna Coker except 
that the growth is decidedly not lax and open but dense and 
crowded Coker's plate of C vtrna indicates that, he may have 
had only young plants 

*Ci*aVaria xanthosclrma Pk — On soil, mixed woods, Victoria 
Park, Truro, July 22, 1931 (1117) Plants 7 9 cm tall, 4-6 cm 
across, “ivory yellow," “ertam color" or “Naples yellow" to 
“cream-buff," showing dull vmaccous tints where bruised Base 
stout, stemhke, 1-15 cm in diameter, breaking up into stout 
secondary branches, 6 12 mm m diameter tertiary branches 
closely compacted, erect with a broad curving angle, slightly 
lacunose, irregularly branched, taper-pointed, somewhat brighter 
yellow Flesh colorless, somewhat watery gelatinous, fibrous- 
tough Hymemum filled with gelatinous, granular gloeocys- 
tidium-hke elements which may be young basidia Basidia 
8-9 p in diameter Spores oblong-elhpsoid, flexuous, “sway- 
backed," bent at one end and apiculate at the other, light yellow 
brown, 12-14 x 2 5-3 5 p This species is distinguished by the 
pale ivory oolor and the long flexuous spores It is also very 
dose to C aUnda Pk and C cra&szpe* Pk 

Clay aria stricta Pers (PI HI, Fig 2 5) — On hardwood log^, 
New Glasgow Road, July 25, 1931 (1133), Lake O'Law, Inver- 
ness Co, Cape Breton Island, August 6, 1931 (1133b), Mt 
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Thom, August 10, 1931, coll A H Smith (1133c) “Light 
buff ” to “pinkish buff,” with vmaceous tints where bruised, tips 
concolorous, usually with a yellowish or orange bloom in the 
axils, branching dichotomous Spores oblong-elbpsoid, apicu- 
late, hyaline to pale ocher, 7-8 5 X 3-4 p 
♦Clavaria acris Pk — On conifer logs, Killag Mines, Halifax Co , 
July 30, 1931 (1133a, 1179), Salmon River region, August 8, 
1931 (1179a) Stems “buff-pink” to “vinaceous-cmnamon,” 
tips somewhat lighter, “light Congo pink” to “ vinaceoua-pink ” 
Branching more fasciculate than dichotomous, areas of yellowish 
bloom lighter or absent Spores ellipsoid, a picul ate, darker 
brown than m C stnda , 6-7 X 3 5-4 5 p Taste slightly or 
tardily acrid, odor slight This species is very similar to C 
slrtcta , but is found on conifer wood and differs m degree in 
the characters mentioned above Both these species are quite 
common 

♦Clavakia pyxidata Pers — On decayed logs, Upper Brookside, 
July 24, 1929 (27), July 10, 1931, coll A H Smith (604) 
Kauffman (13, p 146) described a species, C piperata, as similar 
to C pyxidata but differing in growing on a coniferous sub- 
stratum, in the presence of cyBtidia, the subglobose brown 
spores, and the peppery taste Unfortunately, the substratum 
of the collections cited above was not reoorded There are, 
present, however, long-pointed acicular, hyaline cystaUa whttih ' * 
project 16-20 p beyond the hymenium On the other band, tfcfc 
spores are oblong, 3 3-4 5 X 2-2 6 p and hyaline, as in C pyxv- 
data The peppery taste was slight and developed tardily 
Further field observations, it is hoped, may serve to clear up 
the question of the existence of another species, 

•Pistillakia mican 8 (Pers ) Fr — On decayed stems of Cimum sp , 
Salmon River region, July 7, 1933 (1676) Gregarious, elavate, 
pink, 0 6-1 mm tall, 260-350 p m diameter with a short, sterile, 
white, translucent base Minutely pubescent under a lens on 
account of the protruding sterigmata and spores, Basidia two- 
spored, 8-9 p in diameter, sterigmata 7 p long, spores hyaline, 
one-cellcd, ellipsoid, slightly apiculate, 8 6-10 5 x 5-6 p No 
Bclerotial base 

gyrans (Batsch) Fr — On fallen leaves, Esritown Road, 
August 21, 1931 (1776) Plants 8-20 mm, tail, pure white to 
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dull creamy white, translucent, arising from small, black, sub- 
globose tubers, 0 5-1 mra m diameter Stipe distinct, glabrous, 
terete, 0 1-0 2 mm m diameter, 5-15 mm long Fertile club 
thioker, 0 2-0 4 mm in diameter, cylindric-clavate, 2-4 mm 
long Hymemum about 40 /x thick Trama of large hyaline 
hyphae, 8-10 /x in diameter Spores elliptic, somewhat flattened 
or curved, hyaline, 5-5 2 X 2 jx The descriptions in the litera- 
ture, by Fries and other authors, of this species give the stipe 
as “pubescent ” Batsch (1, PI 28, Fig 164), however, says 
“gana mlt emem hell-weiszigen Puder bestreut,” which may 
well be His figures also fit our plant perfectly, and if Patouil- 
lard’s spore measurements of 6 X 2 /x are accurate the species 
Is undoubtedly correctly identified 
♦Physalacru inflata (Schw ) Pk — On decorticated branch, Earl- 
town Road, August 21, 1931 (1384) 

Univmwitt or Michigan 
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CARPEL ANATOMY OF THE BEAN 
(PHASEOLUS VULGARIS L) 

EDWARD b WOODCOCK 

A VERY complete study of the vascular anatomy and morphology 
of the vegetative portion of the bean plant has been made by 
Doutt (2), but very little concerning the dt tailed strut lure of the 
mature fruit has been published Nelson (5), in his studies of bean 
mosaic, briefly described the general arrangement of the vascular 
tissues of the bean fruit 

The earlier researches on the fruit of the Leguminoseae had to 
do with the embryology Schluden and Vogel (7) described floral 
development and endosperm formation In more than fifty species of 
this group Tulasne (ft) described the embryo of iMlhyrus ipkaca, 
and Hoffmoibter (4), that of a number of Leguminoseae Hegelmaier 
(3) reported on the embryology and endosperm development of 
Lupmus Saxton (6) studied the development of the embryo sac and 
embryo of Cama iomtnlosa Weinstein (9) made a careful study of 
the cytology of the gametophytes, fertilization, embryo, and endo- 
sperm development of Pkaseolu$ vulgam Brown (1) reported on the 
development of the embryo sac and embryo in five varieties of 
Phazeolu s vulgam 


METHODS AND OBStRVATIONS 

The anatomy of the fruit * as observed by making cross and longi- 
tudinal sections with the microtome and staining them with contrast 
stains Free-hand sections were also used in making some of the 
interpretations 

The bean fruit is a dehiscent, monocarpeliary, unilocular structure 
having one parietal placenta and several seeds attached along the 
placental region In the young flower at about the tune of fertiliza- 
tion the carpel is a flattened structure, which becomes hollowed out as 
development proceeds The ventral suture, which bears the ov ules, 
has arisen in the process of evolution by the union of the margins of 
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the sporophyll The dorsal suture corresponds to the midrib of the 
sporophyll The inner tissues of the pod, next to the locule, corre- 
spond to the spongy region of a dorsi ventral leaf, and the outer tissues, 
to the palisade 

By carefully splitting a pod apart along the ventral suture and 
along the median line of the dorsal suture it is observed that the 
alternate ovules are attached to opposite halves of the carpel, as 
Nelson has shown (PI VI E) This suggested to Nelson and Doutt 
that there might be two distinct v ascular bundles in the ventral suture 
region of the pod Their observations showed this to be true, but no 
detailed study of the vascular tissue was earned out 

These two bundles correspond to the two main lateral veins of the 
leaf Since alternate ovules in the carpel are attached to each of these 
two bundles, half of the ovules have a different vascular supply from 
the other half Thus in a carpel containing six ovules, ovules one, 
three, and five have a vascular connection with one bundle while 
ovules two, four, and six are connected to the adjacent, parallel 
bundle The ovules have no direct vascular connection with the single 
large dorsal bundle of the carpel 

The outer epidermis of the carpel wall oonwsts of cells nearly 
isodlamotric in transverse section (PI LIV, Figs 1, 3) A study of a 
section through the stoma (Fig 1) Bhows that the cell adjacent to the 
guard cell is pushed out to such an extent that the large substomatal 
air space is almost completely cut off from the stoma tal aperture 
This large air apace is connected with other smaller air spaoes between 
the small, somewhat rounded cells of the adjacent tissue Directly 
below the epidermal cells is a few-celled layer whose cell walls are 
slightly thickened and m which there are no intercellular spaoes The 
tissue region below the loosely arranged parenchyma of the carpel 
wall (Fig 3) is formed by elongated polyhedron-shaped oells, the long 
axis of which is at right angles to the long axis of the carpel In this 
region appear the vascular bundles which have arisen almost entirely 
as branches from the large dorsal bundle A few cells below this 
region, toward the locule, are numerous small, nearly isodiametric, 
parenchyma cells, among which there are no intercellular spaces 
The remaining portion of the carpel wall is made up of larger, close- 
fitting, polyhedral parenchyma oells There is no well-developed 
epidermis next to the locule The writer has made no study of the 
tissue changes which occur in the carpel wall as ripening occurs* 
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A careful study was made of the course of the vascular bundles in 
the carpel wall and in the ovule Doutt (2) states that the traces to 
the pistil consist of the portions of the bundles of the central stele, 
which do not pass out as traces to the bracts and to the three other 
whorls of floral parts These divide and form a more or less continu- 
ous circle of twelve bundles in the stele Six of these bundles move 
toward the posterior or ventral suture and six toward the anterior or 
dorsal suture The writer finds that, after leaving the base of the 
pistfl, only two of the twehe bundles form the ventral suture bundles 
(PI Llll, Fig 1) The other ten bundles form an anastomosing 
system (Fig 2) which constitutes most of the vascular supply for the 
rest of the carpel wall The dorsal region of the carpel is supplied 
by a union of two of the ten bundles This large compound bundle 
extends the length of the carpel and gives off branches to the carpel 
wall The two ventral bundles only occasionally give off branches 
which connect with the rest of the vascular system of the carpel 

The vascular supply to each of the several ovules is of much 
interest A senes of cross-sections through the carpel from the base 
to the apex shows that each of the two vascular bundles of the ventral 
region (Fig 3) is composed of two rather distinct regions The 
larger outer region is composed of three or four radiating rows of 
thick-walled tracheary elements These rows are separated by paren- 
chyma cells and are associated, toward the outside of the carpel, with 
small, thin-wailed phloem cells The smaller region is nearer the 
center of the carpel and is separated from the larger region by several 
parenchyma cells This region is also adjacent to the ventral suture 
area and shows very little if any anastomosing with the larger part 
It is from this smaller part of each of the two ventral bundles that the 
vascular supply is formed to the ovules The alternate ovules in a 
carpel are thus each supplied from this small bundle In the region 
of the funiculus there occur much anastomosing and twisting of the 
vascular elements (PI LIII, Fig 5) 

The funiculus of the ovule is somewhat S-shaped (PI LI V, Fig 2), 
since the point of origin is at one side of the median line of the ventral 
region of the carpel The distorted vascular elements become normal 
in shape and position as the vascular strand leaves the funiculus 
(Pi LIII, Fig, 4) The xylera portion of this bundle is toward the 
Btylar end of the carpel 

The course of the vascular tissue through the funiculus and into 
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the chalaza and integument region is diagrammatically shown In 
Plate LIV, P'lgures 4 and 7 Soon after the bundle passes through 
the hilum region of the ovule (Fig 4) it bends toward the chala 2 al 
region and divides into three bundles (Pig 7) The central bundle 
continues to the chalaza, where it makes an abrupt turn to reach the 
base of the nucellua and integuments The other two branches form 
a horseshoe-like structure, with the open end near the microphyie and 
with the long axis of each nearly parallel with the long axis of the 
carpel (Fig 6) There are sent off from these branches others which 
anastomose to form the vascular supply of the integuments (Figs 5, 7) 

SUMMARY 

The unilocular monocarpellary fruit of the bean is supplied by a 
vascular system which arises as twelve bundles at the base of the 
carpel These become arranged m such a w ay that there are two large 
ventral bundles and one large compound dorsal bundle with the inter- 
vening region of the carpel supplied largely by the anastomosing of 
the other eight bundles and by branches from the dorsal bundle 
The smaller independent portion of each ventral bundle gives off a 
branch to each alternate ovule, since half of the ovules are attached to 
the region corresponding to the margin of the sporophyli and the 
other half are attached to the other margin Soon after the vascular 
bundle enters the ovule it becomes divided mto three portions The 
central part goes to the chalaza, and each of the other two divisions 
goes into the integuments along the side of the nucellua and sends off 
anastomosing branches 

Michigan State College 

East Lambing, Michigan 
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EXPLANATION OF PLATES LIII-L1V 

Carpel of Phaseolu* vulgaru L 

Abbreviations A, area shown m Plato LIV, Figure S, B, plane of section for 
Plate Llll, Figure 1, CB, carpel wall bundle, CH, chalaaa, DB, dorsal bundle, 
E, epidermis, EM, embryo, T, funiculus, G, guard cell, H, opening In hilum, 
I, integuments, IE, inner epidermis, LP, large part of ventral bundle, M, 
micropyle, O, ovule, P, phloem, PB, primary bundles of integuments, PL, 
plane of section for Plate I III, Figure 2, S, small part of ventral bundle, SB, 
secondary bundles of integuments, T, thick-wailed cells, V, vascular bundle of 
fumculus, VB, ventral bundles, X, xylem 

fla re Liir 

hia 1 Cross-section of carpel just above base Section cut through plane 
Indicated by broken line B in 1 igure 2 X 16 

Tra 2 Longitudinal section through base of carpel Plane of section indi- 
cated by brok< n line m f igure 1 X 16 

I^ig 3 Cross-section of ventral bundles of carpel X 80 

Fna 4 Cross-section of fumculus bundle as It passes through hilum region of 

ovule Xylem portion is toward micropyle X 320 

hit* 5 Cross-section of funiculus bundle as it enters the funiculus, showing the 
distorted vascular elements X 207 

FI ATE LIV 

Fio 1 Cross-section through stoma and subatomatal region X 207 
Fro 2 Diagram of cross-section of carpel through ovule 
b ia 3 Detail of carpel w all Area Indicated by A m Figure 2 X 75 
1 10 4 Longitudinal section of carpel wall and ovule X 12 

fio 5 Longitudinal section of ovule cut to show the secondary bundles, which 
arise from the two largt lateral primary bundles of the ovule X 16 

Fto 6 Longitudinal section of ovule cut along axis of the two large lateral 

bundles X 16 

Fig 7 Diagram to show arrangement of vascular bundles in ovule 
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SOME RESUPINATE POLYPORES FROM THE 
REGION OF THE GREAT LAKES VI 

DOW V BAXTHl 

K NOWLEDGE of the North American resupinate polypores began 
with the early collections of Ravew 1, ( urtis, b Ihs, St Ira emit z, 
and Peck During the period of their work thiH knowledge found 
expression chiefly in short diagnoses of the sixties Since that time 
so many other plants have been described and so many variations 
of former species discovered that it is now generally recognized that 
the species are particularly difficult to identify 

The studies reported thus far in this senes of investigations have 
been concerned largely with keys to different species and descriptions 
of some of them In paper V (1) the grow th characteristics of several 
resupmate polypores were presented, together with a discussion of 
their morphological characteristics Desi nptions of ten specus were 
recorded there The present paper is a continuation of the woik 
reported in the earlier publications of this senes Ihese studies arc 
primarily concerned with Porta subacula Pk ,* its distribution, its 
hosts and substrata, and its action upon w'hite cedar wood >ight 
hundred and ten one-year decay-resistance tests for white cedar, 
Thuja ocoiderUalm , are reported 

Porta mbaetda (Pk ) Sacc 
Syll Fung, 6 325 1888 

PotyporuB tubocuia Pock Ann Rep New York State Mus , 38 92 1885 

(See also Pie I, III, JV of Vo] VI, facing p 78, and 
PI XXXVII of Vol XIV, facing p 290 ) 

Fructification annual or perennial, effused for 2 meters or more, 
separable to inseparable, up to 10 mm thick, margin subiculose, 

1 1 am indebted to many individuals for specimens and for the privilege 
of examining collections found in various herbaria Acknnwledgnu nt ih due to 
the authorities of the New York State Museum, the New York BoUmtaJ Oar- 
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tomentone, sterile at first, becoming fertile with ago, “ivory 
yellow ” 2 to “pinkish buff”, subitulum conspicuous, 0 3 to 1 mm 
thick, concolorous with margin, tubes 0 5 to 9 mm long, mostly 
4 mm or less, sometimes stratified in 2 or 3 layers, mouths 
white or straw-colored when fresh, then “cinnamon-buff,” “pink- 
ish cinnamon” to “Verona brown,” or “warm sepia,” circular to 
angular, fringed, 2 6 to a mm in the typical eastern plant, 
usually 2 3, and m the western form 4 5 to a rnm (both forms 
present m the West), basidia h> aline, 10-12 X 7-8 //, 4-spored, 
spores hyaline 1 -2-gut lulato, mostly 1, broadly ellipsoid or oblong 
ellipsoidal, 2 5-5 (3 5X5) 4-6 p, large crystalline bodies often 
present in the trama, traraal hyphae without cross walls or clamp 
connections, 15 p, mostly 3 p in diameter, cystidia absent, or to 
be seen as small sterile organs projecting beyond the hymemum 
hour varieties of P subamda have been recognized by Peck 
Var tenuw is very thin, with short, tubes mostly 0 5 jmn long, 
but up to 2 5 mm The surface is nearly even This variety 
occurs on the smooth decorticated trunks of hemlock Var 
tuber culosu8 is characterized by a more or leas roughened surface 
caused by the scattered or clustered presence of unequal promi- 
nent tubercles Ovcrholts (4) has called attention to the fact 
that they appear to be a monstrous development of the mycelium 
on the surface of the pores Var stalactitviut also has a very 
uneven surface, caused by its incrusting the moss-covered logs 
It exhibits unequal porous protuberances It often occurs on 
fallen mossy trunks of birches Var vtsirulosus (P vestculosue) 
B & C is another shallow-tubod form (4) In this plant pores 
average 3 to a mm P ornata (Peck) Sacc is distinguished from 
the other plants of this senes by the presence of a spotted margin 
Drops of water which occupied these areas have evaporated from 
them 

den, the Missouri Botanical Garden, the Division of Pathological Collections m 
Washington, Division of Forest Pathology, the Field Museum of Natural History, 
the University of Wisconsin Herbarium, and the University of California Her- 
barium I am under special obligation to Dr U O Overholts, who has given 
abundant help during this entire period of study Thanks are also due to 
Dr Clara W Frit* and Dr Irene Mounce for the attention given to white cedar 
material sent to them for examination 

1 Colors given in quotation marks are those of K Ridgway, Color Standard* 
and Color Nomenclalur* (1912) 
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Allied species — It has been indicated m the description that thiro 
w considerable range of variation in this plant, particularly in 
the pore size of certain western forms and those observed in 
eastern collections The range of thickness — some plants up 
to 1 cm — is large, and this feature often gives entirely different 
aspects to the very thin and the thick watery tyf>es Home of 
these forms are closely allied to Pona medulla-pants (Pers) 
Cooke The smaller and much-branched hyphae of P medulla - 
pams serve to separate it from P subimda Ihe fructification 
of P medullar pants tends to be more corky 
Specimens of P crasm Karst 1 * 3 are also \ i ry likely to be confused 
with the forma which are closely allied to P nudulla-parns 
P crassa vanes from snow-white to lemon-yellow and dms not 
exhibit the distinct subiculum w Inch is present in typical collec- 
tions of P subaetda It is usually white to straw-colored, thi n 
*' ‘cinnamon-buff,” and is not lemon-yellow P era m specimens, 
too, generally become chalky in texture, wink typical specimens 
of P subacida remain ensper The spore characters of the two 
plants should also be compared 

Cultures — Isolated from Thuja pheata , Vancouver, British Colum- 
bia, and from decayed wood of Thuja occidentals, Atlanta, 
Michigan The mats of mycelium on the malt agar remain 
snow-white for the first two weeks of growth Later the fungus 
turns slightly yellow In one-year-old white cedar block cultures 
the mycelium is “cream color” to “cinnamon-buff ” 

P subacida belongs to the “rapid-growth” class and also to 
that group termed the “largo-range” class 4 Differences m 
growth rates between the cultures obtained from the two sources 
are minor ones, as shown in Table I Since light has practically 
no effect upon the rate of growth, P subacida falls in the same 
class as P ferrea and P t nerms with respect to this reaction 
Habitat — Abies balsamea, A grandis, A laxiocarpa , Acer s accharutn , 
A rubruvtt Ainas sp , Bftula alba var papynjera , B knta, B lutea , 
Costarica deniata, Fraxmus ntgra, Juglans cinerca, J urn penis vir- 

1 Name used for thick form of P xantha 

* All ponaa which fill petn dishes in fourteen days at the temperature of thi tr 

optimum growth are placed in the "rapid-growth” class Those plants exhibiting 

a growth of 5 mm or more at fourteen days over a range of more than 21* arc 
•aid to have a largo temperature range and belong to the "largo range” class 
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TABLE I 

Rate of Growth Expressed in mm of Pori a sub acid a Pk from Thuja 

PLICATA AND THE FUNGUS CAUSING THE LAMINATED ROT IN THUJA OCCI 

Referred to P subacida 
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* Number of tests 


gimana, Lanx lancxna, L occidentals, Ltqutdambar styraciflua, 
Ptcca canadensis, P engelmannn , P martana , P sitchensts, Ptnus 
contorta, P divancata, P eckinata, P monticola , P ponderosa , 
P restnosa, P ngtda, P drobus, P t nrgintana, Platanus om- 
dentahs, Prunus sp , Paeudotsuga taxifoha, Quercus alba , Q 
borealis var maxima, Thuja occidentals (?), T phcaia, Ttha amen - 
cana, Tsuga canadensis, T heterophylla 
Distnbuiion — British Columbia, Labrador, Newfoundland, Nova 
Scotia, Ontario, Quebec, Yukon Territory, Alabama, Alaska, 
Arkansas, California, Colorado, Florida, Idaho, Indiana, Iowa, 
Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, Missouri, Montana, New Hampshire, New 
Jersey, New Mexico, New York, North Carolina, Ohio, Penn- 
sylvania, South Carolina, Tennessee, Vermont, Virginia, Wash- 
ington, West Virginia, Wisconsin, 

Occurrence — Common, especially in coniferous forests 
Decay — A spongy rot In the early stages of attack numerous 
black spots ordinarily appear in the wood These become sur- 
rounded by a whitened area, and the black spot later disappears 
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The whitened areas enlarge) and the wood around the spots 
becomes straw-colored There is a tendency for the annual rings 
in some woods to separate The white cavities become more 
numerous and coalesce, finally rendering the heartwood a soft 
spongy mass of water-soaked fibers and mycelium Ordinarily 
it is possible to compress water from such a mass of white fibers 
The so-called feather rot 6 m balsam is likewise usually confined 
to the roots and lower end of the first log The rot begins as 
minute cavities, causing the annual nags to separate from each 
other Black spots occur in the affected wood After a tune the 
tree may become hollow, and the surrounding wood is reduced 
to a mass of water-soaked fibers This mass of badly decayed 
wood has a feathery appearance, which accounts for the name 
given to the decay 

Von Bchrenk (5) states that “the mycelium of the fungus 
spreads through the individual tracheids after entering the tree 
and collects in spots here and there Solution of the wood cells 
begins around these centers which at this time appear dark brown 
or black They are the dark spots referred to above Heart- 
wood and sapwood of the spruce are destroyed with equal rapidity 
All parts become spongy, with the exception of the restnous basal 
pieces of the branches, which resist the attack of the fungus even 
after the whole trunk has been destroyed ” 

Importance — Although P mbaetda is reported here on thirty-nine 
different woods (for an example see PI LV), actual estimates of 
the damage caused or of any “beneficial effects ” to the forest 
from the deterioration of slash are not available In a detailed 
survey of the slash-inhabiting fungi found on Michigan swamp 
species after logging m Montmorency County P subaetda repre- 
sented a very small percentage of the total number of fungi 
observed This survey was made over a period of several years 
and at different seasons Fruiting bodies seldom occurred on the 
slash on this particular area, but when found this funguB was 

* Indications arc that the common feather rot of balsam is caused by P 
tubacuia McCallum (3) says “The identity of the causal fungus of this type 
[feather rot]] of decay has not been proven by scientific methods, but the indi- 
cations are that it » P subacute Pk Only in a few cases was a fungus noted m 
connection with this rot, and then in fallen trees In these instances it was 
always P tubac tda Cultural work with this decay and with red rot has yielded 
no positive results as far as the production of fruiting bodies is concerned ” 
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most frequently on tamarack and spruce General observations, 
however, indicated that it was associated with the decay of 
balsam known as “ feather rot ” Data gathered by Weir (6) in 
his studies of the effect of broadcast burning on the growth of 
cull-producing fungi in Idaho and Montana show P 8ubacida to 
be one of the most important fungi on spruce and white pine 

Aside from the part that the fungus plays in the destruction 
of slash, senous losses are known to be sustained in standing 
timber as a result of its activities The rot itself, how ever, rarely 
extends throughout the full length of the tree, it is usually con- 
fined to the butt sections MeCallum (3) points out that “Ihe 
average extent of the rot up the trunk is from six to ten feet 
Because the rot is ordinarily confined to the basal portions of 
the tree it is not the loss from decay of wood that makes this rot 
an important one of our northern swamps, but rather its capacity 
to act as a contributory cause to wmdthrow of the affected trees 
On a representative area of acres there were 37 balsam firs 
which had first been weakened by feather rot and then broken 
off by wind At this rate, in a square mile of similar forest there 
would be 9,070 such trees, or about seven per cent of the total 
stand of this species ” 

Although P subacida occurs on balsam, spruce, tamarack, and 
other treeB in the swamp and muskeg areas m the region of the 
Great Lakes, fruiting bodies of it have never been observed in 
association with decayed white cedar Several special intensive 
surveys have been made for it on this wood in the region and, 
in addition, interested observers detailed on other timber, land, 
and economic surveys have not seen it fruiting on T occidental™ 
The abundance of rot in this species on certain areas, however, 
led to a special study of this important decay 
Pona subactda and the decay of white cedar — The heartwood of 
standing white cedar is frequently rendered so worthless by decay 
that In certain areas of the swamps of the Great Lakes the timber 
is left standing by the loggers (PI LVT, Fig 1) Much of the 
decay is the common “brown cubical” rot, which has been 
attributed to Polyporus baleameus (Pis LVI1, LVIII, Fig 1) 

Another rot which is prevalent elsewhere and which is equally 
frequent in certain areas of this region is the common stnngy- 
laminated type (PI LVIII, Fig 2) Numerous isolations made 
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from wood decayed by this type result in cultures of a heart- 
rotting fungus which is not Pol balsamcus 
Several hundred subcultures made from this second fungus 
have been kept under different env ironmental conditions (PI LIX, 
Fig 1) fht re hav e also been attempts to compare and " match M 
them with other cultures of known origin No fruiting structures 
have appeared in any of the cultures 
Since the general appearance of the fungus resembles that of 
Fames pimcola, cultures were obtained from fruiting bodies of 
this plant on Populus balsamifcra (PI LX) F pimcola occurs 
commonly on this tree on the so-called hemlock knolls in the 
northern swamp areas, where the field work for this study was 
conducted For the purpose of matching it seemed, therefore, 
very desirable to obtain cultures not only of this fungus but also 
of those from the area where the decay of the b vim of Gilead 
was associated with that of the white cedar 
So many differences were discovered later in the actual growth 
characteristics of the two fungi that that from white c< dar cannot 
be considered t-o be F pimcola In addition to differences in the 
character of the mycelial growth of the two plants, the types of 
rot caused by the two organisms arc distinct F pimcola is not 
known to occur on Thuja occidcntalix and m general is rare on 
any of the cedars I have found it, however, m Alaska on 
Chamaecypantt nootkaitrms on Baranoff Island (one collection) 
and at Ketchikan (one collection) 

Although the rot caused by P tmbacida in several conifers 
is very similar to the laminated decay type discussed here, and 
although the general appearance of cultures of P subanda and 
of the fungus from white cedar is also similar, the identity of the 
causal fungus of this decay in T occtdcnlahs has not been demon- 
strated Circumstantial evidence, however, points to the fact 
that it is probably P subacida 

P mbaetda, unlike many other fungi, commonly fruits on Thuja 
pltcata • (PI LVI, Fig 2) Collections of this fungus on the west- 
ern red cedar from British Columbia have been made The growth 
of the cultures obtained from these specimens is compared with 
that of fungus found on white cedar, T occtderUahs , in Table I 

• Fruiting bodies of any species of the genus Fomi s are* not common on the 
cedars 
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One-year tests on the resistance of white cedar to decay ha\e 
been made in the same manner, in general, as that described by 
Hubert (2) The blocks used were 4 inches by 1 by 1 They 
were put in wide-mouthed Erhlenmeyer flasks containing the 
inoculum which had been allowed to grow over the surface of the 
malt agar at the bottom of the containers lhoy were placed 
on sterile glass slides which rested on the mycelium In Table II 
it can be seen, then, that the average loss in weight for the 810 
blocks after one year in culture was 0 91, or 3 54 per cent of the 
oven-dry weight 

The loss in weight varies from 0 1 gram m the twenty-nine 
blocks tested which belong to the 30-32-mch class to 2 7 grams 
for four blocks in the 56 -58-ring class The PE - ±0 263 
The ring classes 56-68 have been omitt* d since few blocks are 
represented, and the results the tests made deviete greatly from 
the arithmetical mean 

University or Michigan 
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FORCE EXERTED BY WOOD WHEN 
MOISTURE IS ABSORBED I 

A METHOD OF MEASUREMENT 

WILLIAM KYNOCH 

T HE ability of wood to absorb or to give up moisture in response 
to variations m the moisture conditions of the surrounding 
medium and to swell or to shrink in consequence is one of its most 
outstanding and familiar characteristics Though this property can 
occasionally be turned to advantage, as in tightening the seams of 
boats or the joints in wood-stave water tanks or pipe lines, it is, in 
general, a serious handicap to the usefulness of timber as an in- 
dustrial m&tenal In the use of wood for building construction, fur- 
niture, flooring, interior finish, doors, window sashes, and many 
other purposes, annoyance and expense frequently result from the 
changes m dimensions and shape induced by gain or loss of 
moisture 

It is true that the difficulties referred to can be partly obviated 
by application of scientific information and data yielded by timber 
research For example, it has been shown that wood exposed to 
any constant conditions of relative humidity and temperature will 
come to an equilibrium with these conditions That is, it will assume 
a definite moisture content The time required to reach equilibrium 
depends chiefly upon the species of wood and the dimensions of the 
individual pieces (8) 1 Wood in any given use is exposed to varying 
conditions of relative humidity and temperature, but such variation 
naturally occurs within a certain range only Hence the wood varies 
In moisture content between certain reasonably definite limits The 
shrinkage and swelling of wood may, for most practical purposes, be 
regarded as directly proportional to change in moisture content 
below the fiber saturation point, when the moisture is evenly dis- 
tributed If, therefore, the material is conditioned, to Ihe proper 
1 Numbers in parenthwes refer to literature cited, pages 289-290 
283 
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moisture mean between the limits referred to, immediately prior to 
being put into use, it will undergo the least possible amount of 
shrinkage and swelling m sen ice In\ esfcigation has established such 
mean figures for a considerable variety of uses of wood (4) 

It has been shown, also, that the degree to which wood will shrink 
or swell as its moisture content changes depends largely upon its 
specific gra\ity (9), increasing (with certain exceptions) with rise m 
the specific gra\ity figure Selection of as light a wood as will give 
satisfactory sen ice in the particular use, tends therefore, to mini- 
mize difficulties due to “working ” 

Again, heating w ood to high temperatures, by means of steam or 
otherwise, somewhat reduces its tendency to respond to external 
changes in moisture conditions by altering in size (5), and advantage 
can sometimes be taken of this fact However, when all the scientific 
and technical knowledge of wood at present available has been 
bi ought to bear upon practical shrinkage and swelling problems we 
arc still far short of their complete solution 

Valuable contributions to knowledge of the phenomena of shrink- 
age and swelling have been made by a number of investigators It 
was established by Tiemann (12) that when green wood is dned true 
shrinkage does not begin until a certain critical point (the fiber satura- 
tion point) is reached Brown (1) showed the existence of a sihcious 
framework, in the cellular elements of wood, of a structure such that 
it offers a relativ ely high degree of resistance to longitudinal shrinkage 
of the cell wall, while opposing lateral shrinkage in a relatively slight 
degree Roth (11) and Clarke (2) reported the observation that the 
inner walls of the thick-w^alled elements of heavy woods possess a 
higher shrinkage potential than do those of the thinner-walled fibers 
of lighter woods, thus accounting for the greater over-all lateral 
shrinkage of heavy woods Ritter (10) has demonstrated the exist- 
ence, in the cell wall, of minute, spirally disposed strands (fibrils) 
the orientation of which with reference to the main axis of the cell 
favors lateral, as against longitudinal, shrinkage or swelling Koehler 
(0) has reported the result of research on the longitudinal shrinkage 
of wood He has shown that the angle made by the fibrils with the 
mam axis of the cellular elements in the spring wood of a number of 
woods is greater than that occurring m the cells of the summer wood 
(7) If, as he suggests, water in the cell wall is held between the 
fibrils and not within them and if, as seems certain, the fibrils recede 
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from or advance toward each other with intake or outgo of cell- wall 
water, the cause of the greater longitudinal shrinkage of spring wood, 
m drying, as compared with summer wood, observed in various 
timbers, clearly appears A similar difference with regard to the 
angle of the fibrils, between wood of normal weight and abnormally 
light wood within the species, may explain the greater longitudinal 
shrinkage of the latter found to take place in tupelo, cypress, and 
other woods 

Knowledge of the general anatomical structure of wood indicates 
some of the reasons for (lie excess of tangential, over radial, shrink- 
age or swelling In this connection it is pointed out by horsaith (I) 
that increase m the width of the summer wood, tending to augment 
radial shrinkage, makes for a reduction in the disparity between the 
shrinkage in the tangential and that in the radial direction 

The general subject of the shrinkage and swelling of wood is of 
such practical moment to the timber-fabricating industries that every 
phase of it demands thorough investigation Several phases have 
as yet received but scant attention, and among these is that of the 
force exerted by wood when it absorbs moisture 

It has long been known, in a general way, that this force may be 
of considerable magnitude In ancient practice m quarrying stone 
use was made of this knowledge by drilling a line of holes in the 
rock, driving in dry wooden pegs and then soaking them with water 
The force exerted by expansion of the wood was sufficient to fracture 
the rock along the desired line (7) Wood swelling under confined 
conditions of this character is capable of exerting a force great enough 
to crush the cells, to accomplish this, pressures varying from some 
300 to some 1,500 pounds per square inch are necessary (8) How- 
ever, definite figures on the force developed by common woods m 
different directions with respect to the grain, when moisture is ab- 
sorbed under stated conditions, are entirely lacking With a view 
to obtaining such figures an experimental study has been begun at 
the University of Michigan 

A problem which presented itself at the outset was that of de- 
vising means by which measurement of the forces in question could 
be made After trials of various types of equipment which might 
serve the purpose, it was decided to work out accessory apparatus 
which could be employed in conjunction with an ordinary standard 
universal testing machine The equipment and procedure described 
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below were therefore developed and after careful test were accepted 
for use m the study 

A Riehl6 Universal testing machine of 50,000 pounds capacity 
was made available for the work A metal pan is placed on the 
weighing table of the inaclune A pm affixed to the under side of the 
bottom of the pan, and inserted into a small hole in the weighing 
table, allows the pan to be placed in the desired position Water, 
to a depth of about half an inch, is run into the pan, which is lined 
with cloth to facilitate evaporation 

A modified ball-and-socket, brass bearing block (PI LXI), form- 
ing the support for the test specimen, is placed in the pan A small 
recess in the under side of the base, when engaged with a projection 
attached to the bottom of the pan, centralizes this support Four 
small projections on the upper side of tins fitting serve to locate the 
test piece in the proper position thereon Die lateral and vertical 
orifices observable m the fitting permit entry of moist air, which 
thus obtains access to the basal portion of the test piece and makes 
its way mto the body of the specimen by way of small vertical holes 
traversing the specimen lengthwise and lined up with those m the 
block To obtain a proper bearing of the test piece upon the block 
at all pomts of contact the vertical holes in the block are of smaller 
diameter than those in the wood specimen Care is taken to keep 
the water level low enough to prevent the liquid coming into contact 
with the test specimen 

A circular brass bearing block (PI LXJ) is placed on the top 
of the test specimen Its concave upper portion is machined to re- 
ceive the hemispherical end of a vertical steel shaft (PI LXI) This 
part of the assembly thus forms a second ball-and-socket connection 
These blocks compensate for any small deviation from parallelism 
between the upper and lower surfaces of the test piece and insure a 
uniform distribution of stress The steel shaft constitutes the lower 
portion of an attachment fitted mto the recess m the movable head 
of the testing machine 

After the test piece has been placed in position between the bear- 
ing blocks the shaft is lowered mto its socket, and a slight pressure 
(just sufficient to hold the whole in true perpendicular alignment) is 
applied A closely fitting rubber cover, provided with a hole through 
which the shaft passes, is placed over the pan Thus the test piece 
is inclosed in a humidity chamber such that the moisture content of 
the specimen (initially low) increases relatively rapidly 
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As the specimen absorbs moisture it swells and exerts a pressure 
on the weighing table of the machine, the magnitude of which can be 
determined by adjusting the scalebeam poise and taking readings in 
the usual manner 

Since, however, this would involve constant attendance upon the 
machine, day and night, it is obviously necessary to have some 
automatic means both of adjusting the poise (as often as this is 
required) and of recording the readings This is accomplished as 
follows A small electric motor, actuated from the lighting circuit, 
is mounted on the frame of the machine (PI LKII) This motor 
drives a pulley (PI LXI1) earned by a small shaft from which, in 
turn, the power is transmitted to a larger pulley attached to the hand- 
wheel operating the poise 

Two small bronze contact pieces are attached one to the frame 
of the testing machine and the other to the large end of the scale- 
beam assembly (PI LXIII) Each is insulated from the machine 
These pieces arc connected with the motor and are so placed that 
when the scalebeam is in balance with the load (1 e is horizontal) 
they are out of contact When the load increases and the scalebeam 
nses, contact is made, the motor is actuated, and the poise is moved 
forward untH the beam is again balanced 

Automatic recording of the pressures developed by the expanding 
test pieces under the conditions of the investigation is secured as 
explained below 

tJTie upper part of the housing of the scalebeam figure dial is 
removed and replaced by a metal support which carries a circular 
disk of exactly the same diameter as the dial (PI LXII) The edge 
of the disk rests upon the edge of the dial When the dial moves 
through any fraction of a revolution the disk is rotated through 
an equal distance The weight of the disk is sufficient to provide 
the necessary friction to prevent slippage at the low peripheral speeds 
obtaining 

A circular chart graduated in the same manner as the dial is 
affixed to the disk and a pen (earned by a bronze arm attached to the 
disk support and set at zero at the beginning of a test) records on (lie 
chart travel of the dial and thus registers the magnitude of the force 
exerted by the test specimen as it absorbs moisture from the humidity 
chamber 

Hie test piece (Pi LXI) is cylindrical, nominally 3 mohes high and 
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1 658 inches m diameter when at a moisture content of approximately 
5 per cent (baaed on oven-dry weight) It is completely traversed 
lengthwise by thirteen equidistant holes, each one eighth of an inch 
in diameter The cross-scctional area (not including that of the 
holes) is thus nominally two square inches and the volume nominally 
six cubic inches The test piece was designed with the object of 
keeping the moisture gradient low at all stages, that is, of main- 
taining as uniform a moisture distribution throughout the specimen 
as possible 

The test pieces are so cut that each direction of gram (longitu- 
dinal, radial, and tangential) is represented by a separate set of pieces 
Longitudinal specimens have their long dimension parallel to the 
grain, radial specimens parallel to the rays, tangential specimens, 
at a tangent to the growth rings Specimens are made in pairs, 
each being accompanied by a second made from material which grew 
end to end, or side by side, with it in the same tree One member of 
each pair is used for the actual test as previously described The 
other, employed for determination of moisture content, is placed 
in the humidity chamber close to its companion and between similar 
bounng blocks, when the test begins Each is weighed immediately 
before a test The check piece is withdrawn, weighed, and replaced 
at intervals during the progress of a test The force recorded on the 
chai fc is noted each time At the conclusion the oven-dry weight of 
each piece is determined The moisture content of the test and 
check pieces at the beginning and end of the test is computed as, also, 
is that of the check piece at each of the intervals mentioned above 

The assumption is made that the moisture content of the check 
piece will closely approximate that of the piece actually under test 
at any stage in the testing process The close agreement found be- 
tween the initial and final moisture contents of matched pairs is held 
to justify this assumption 

The length and the diameter of each wood specimen are measured 
to an accuracy of 0 01 mch at the beginning of a test and its volume 
is computed 

All blanks for the making of test pieces are cut from strictly sound, 
clear, straight-grained heart wood taken from timber of commercial 
size They are dried under control to a moisture content closely 
approximating 5 per cent (baaed on oven-dry weight) Blanks are 
then turned and drilled under conditions corresponding as nearly as 



Force Exerted by Moistened Wood 


289 


possible to an equilibrium moisture content of 5 per cent r lhe 
finished test pieces are then stored under the original controlled 
moisture conditions and are withdrawn, a pair at a time, as required 
for testing For preliminary tests a minimum of ten matched pairs 
of specimens m each of the three directions of the gram is employed 
From every log or piece of timber from which test piece blanks are 
sawn at least three extra blanks are cut These arc used for determi- 
nation of specific gravity, the method followed is that specified in 
“Standard Methods of Testing Small, Clear Specimens of limber" 
(Senal Designation, D 143 — 27, American Society for Testing Ma- 
terials) 

Testing is earned out at room temperature with an approximate 
mean of 70° b The pressure exerted, under the conditions of the 
study, increases until the test specimen attains a certain moisture 
content and then decreases as the moisture content continues to nse 
The pressures developed are correlated with moisture content and 
are expressed as pounds per cubic inch 

University or Michigan 
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SILVICULTURAL OPERATIONS IN RED PINE 
PLANTATIONS, WITH PARTICULAR REF- 
ERENCE TO THE HURON NATIONAL 
FOREST 

LOUIS POMMEHENING 

F ORESTERS have always recognised the fact that cultural 
operations must play an important part in forest development 
m the Lake States region Thousands of acres will be planted in 
the near future, which, together with the vast areas already planted, 
will need cultural treatment if the investment is to pay dividends 
It Is therefore essential and timely that we summarize our knowledge 
and experience in cultivating young stands in order that the desired 
product may be obtained in the shortest possible rotation Reforesta- 
tion and fire protection are important phases of forestry, but cultural 
work, although less obvious, is becoming increasingly important 
On the Huron National Forest, which makes up a large part of 
the lower Au 8able River drainage basin in the northeastern portion 
of the Lower Peninsula of Michigan, there are approximately 46,000 
aores of red pine (Pmu* rennosa x ) plantations ranging in age from a 
few years to twenty Here silvicultural work must of necessity find 
a definite place Prior to 1933 none of consequence had been done 
to improve the existing conditions Fortunately, President Roose- 
velt's unemployment relief program made it possible to get this 
work under way, and to date (March, 1934) over 4,500 acres have 
had treatment 

The deep sandy soil on the plains area of the Forest makes red 
pine especially adaptable for planting, since this species develops 
strong lateral roots and a substantial taproot when young All stock 
is planted six feet apart in furrows at approximately eight-foot 
intervals. Generally a 20 to 60 per cent cover of jack pine (Ftnus 
banknana) and scrub oak exists at the time of planting Most of the 
site is poor, owing perhaps to the repeated burning over in years past, 
* Also known as " Norway pine " 
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’which left very little ground cover and decomposed litter necessary 
for soil improvement Except where it grows as a thicket, the jack 
pme m the plantations is of the low branchy type and has very little 
value The oak overstory is in most places a young stand reproduced 
by sprouting and is commonly diseased by fungi Except as fuel the 
oak has very little utilization value Silviculturally, however, the 
oak improves the soil through leaf decomposition and also protects 
the underplanting from the hot, dry, summer winds Most of the 
plantations carry from 300 to 1,500 trees to the acre, including all 
species On some sites mortality has been extremely high, leav ing 
as few as 250 red pines to the acre Some of the causes for high 
mortality may be dry weather, oxcessive shade, poor stock, poor 
planting, or some destructive agency, such as injury by rabbits or 
insect infestation 

From the standpoint of growth and survival both jack pme and 
oak develop much better than do the more valuable species They 
offer strong competition to the planted stock and because of thoir 
aggressiveness easily suppress the red pine to such an extent that 
recovery is impossible after ten or twelve years Consequently, 
cultural treatment of the planted areas is absolutely necessary 
Liberation cuttings and cleanings are the most important phases of 
this type of work The operations eliminate the jack pme wolf trees, 
which, because of their widespreading crowns, excessive shade, and 
spruce-bud worm infestation, seriously affect the height growth of 
the red pme Also they remove those jack pme and oak trees which 
are of comparatively the same height and age, but which are growing 
too close for the best development of the planted trees Liberation 
cuttings and cleanings thus improve the composition of the plantation 
by the proper spacing of the less valuable species with respect to 
those wluch are more desirable Only those trees which have no 
silvicultural value whatsoever in the stand are removed An attempt 
is made to improve the site and at the same time to allow the red pme 
to grow without a hindrance of any kind Sometimes this involves 
merely the pruning of several branches which have a tendency to 
whip the top branches and leaders of the most valuable species 

Often small, scattered, even-aged stands of jack pme alone form 
the overstory, and here the problem of cultural treatment requires 
keen judgment to determine whether the jack pme ia sufficiently 
thrifty to warrant its retention in the stand or whether the suppressed 
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rod pine is still more valuable to justify a heavy release from the 
jack pine In many instances of this kind, when the red pine shows 
evidence of not having been suppressed too long, a 50 per r ent release 
is effected This should result in giving the intolerant planted stock 
an even chance to come through and compete favorably with the 
jack pine for a place m the stand 

In practically all plantations there are, of course, many standing 
dead trees which have no value whatsoever These are removed 
for the good of the stand, first, because of the damagt w inch might 
occur m case of windfall and, secondly, because they increase the fire 
hazard 

In addition to the cultural measures involving releast and sani- 
tation cuttings one of the most perplexing problems arose concerning 
the method of disposing of the enormous amount of slash created 
from such cuttings It appeared serious because of the age and 
density of the red pine and bocause of the fire hazard Various 
methods were discussed at length, both in the field and in the office, 
and it was finally concluded that during the summer months, when 
the fire hazard was high and when disposal by burning would be 
exceptionally dangerous, coniferous slash would be wmdrowed in 
piles three and one-half feet high between furrows This facilitates 
handling for future burning when snow falls Deciduous brush is 
lopped to within twelve inches of the ground and is scattered uni- 
formly 

Even when snow was on the ground, it was feared that burning 
the slash would result in many scorched trees if the fires were made 
too large On the other hand, it would be too costly to start numer- 
ous small fires or possibly to carry the brush long distances to the 
few larger openings Something inexpensive had to be devised in 
order to burn on a large scale and economically Se\ eral thin sheet- 
metal shields five by six feet, with a frame of scrap lumber, were 
constructed to protect the more valuable species where fires were 
built in the small openings The shields were placed on the windw ard 
aide of the fire and from about eighteen inches to two foet in front 
of the planted stock, so that an air space would result and save the 
tree from the intense heat This provided ample protection and 
permitted a good-sized fire in the small openings Several fires to an 
acre could easily be built to shorten the distance the slash had to be 
carried A large number of these shields were constructed at a cost 
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of about ninety cents each, and brush-burning was instituted on a 
large scale 

In conducting the cultural operations it was found that a twelve- 
man crew under a “ straw boss" functioned most effectively The 
strawboss was first trained in the technique of the work by the 
forester in charge, and when put in command of a crew he was fur- 
nished with written instructions covering all important points Their 
purpose was to make the accomplishments of the respective crews as 
uniform and as consistent as possible However, occasional actual 
participation in the project and daily personal supervision by the 
forester is essential, so that the strawboss may know from the outset 
exactly what will be required of him 

In order to facilitate organisation and to prevent poor work a 
strip method is used for covering each forty-acre tract The crew 
moves across the " forty ” m a strip two chains wide At each five- 
chain interval stakes are set up, establishing the corners of a one-acre 
area The entire crew is then kept concentrated within this one-acre 
segment and can be given close supervision This method also makes 
it possible to check each individual's work Among other advantages 
it allow s the strawboss to keep a systematic record of the number of 
stems of various sizes which are cut, the number of valuable species 
remaining, the areas in need of planting, and the exact location of 
the work at all times 

All trees to be cut are marked by the strawboss and the for- 
ester When the men have become proficient this is no longer nec- 
essary 

With men who are more or less familiar with the axe and saw 
it has been possible to maintain an average production of approxi- 
mately 0 35 of an acre per man per day, over a period of five months 
This includes actual release, brush disposal, and decking of all fuel 
and pulp wood which are salvaged from the material cut On the 
basis of 2,516 acres released and 7,330 man days the cost was approx- 
imately $U 00 per acre About two fifths of this amount may be 
charged to brush disposal The figures given apply only to work 
performed by NIRA labor However, on areas where ECW labor 
was used and also a lower wage scale, the cost of release amounted 
to approximately $9 70 per acre 

Despite the fact that these costs may seem at first to be excessive, 
it must be remembered that each crew in its stand-improvement work 
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is carrying on three different operations, all of which are absolutely 
necessary in the practice of intensive forestry 

There is every indication that even the considerable costs in- 
volved in maintaining continuously fa\orable growing conditions 
m the red pine plantations are a sound financial investment It is 
particularly fortunate that emergency conservation measures have 
made possible such large-scale application of silvicultural measures 
Whether or not the work is continued, the large areas treated will be 
invaluable in the future study of silvicultural technique and of the 
economics of manage ment of red pine plantations 

United States Forest Service 
East Tawas, Michigan 




THE URBAN GEOGRAPHY OF 
SAGINAW, MICHIGAN 

DENNIS G COOPER AND TIQID A STUGENBAUIR 

T HF City of Saginaw grew up on the best site for the dispensation 
of materials and services m the resourceful Saginaw Basm 
Early speculation m real estate led to the development of two rival 
settlements nearly opposite each other along the Saginaw River 
The strong competition w r hich sprang up between them increased with 
the rise of forest extraction and the development of transportation 
routes, and resulted not only in a rivalry that has existed m mild 
form even to the present, but also m an urban landscape pattern 
with off-conter senucirclos of growth such as are found in but few 
cities of the United States ( onsohdation of these two cities finally 
became economically necessary in order to meet the preying problems 
of a declining lumber business and to make commercial and industrial 
readjustments Within recent vears diversified industries have re- 
placed lumber mills, but the factories and the transportation facili- 
ties of the present reflect the influence of the past forest activities 
and the more recent agricultural and mineral developments in the 
valley 

Saginaw is located about ono hundred jrules north of Detroit, 
twenty miles upstream from Saginaw Bay, at a focal point in the 
Saginaw Basm, which is for the most part a broad lowland with a 
gently undulating surface dipping imperceptibly toward Saginaw 
Bay Since the basin was formerly covered by glacial lake waters, 
its soil is composed chiefly of lake-tied clays and clay loams w luch, 
when well drained, are of lugh fertility Although the region is 
close to the northern limit of profitable agriculture, the rainfall and 
temperature conditions permit the growth of a wide variety of crops, 
and the Saginaw Lowland is now a region of great agricultural 
productivity Underlying it are rich deposits of salt and considerable 
coal and oil Originally the basm was covered with forests of both 
hard and soft woods, and especially with the magnificent white pine, 
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which grew in the higher, sandier parts of the basm It was almost 
inevitable that a good-sised city would grow up in a region so wealthy 
m natural resources 

The Saginaw Basm is drained by an irregular system of streams 
and rivers characteristic of glacial drainage The upper tributaries 
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Map 1 

of the system empty into four leading waterways the Cass, Flint, 
Shiawassee, and Tittabawassee rivers These streams in turn con- 
verge, forming the Saginaw Raver, which Sows northward for twenty- 
two miles to Saginaw Bay (Map 1) The actual site of Saginaw 
was in large part determined by this focus of major streams, for it 
was the custom in the early days for the Indians to establish 
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camps at the mouths of the larger rivers, at confluences of several 
streams, or at points of convergence of trails following such streams 
The land surrounding the confluence of these major streams was low 
and marshy, unsuitable for permanent human habitation or for all- 
year-round land trails However, not far to the north of this area 
there crossed the basin in a northwest-southeast direction a low but 
fairly wide water-laid moraine, along the top of which ran one of the 
principal Indian trails of the region Ihe Saginaw River, flowing 
through a gap in this formation, swung to the west at this point and 
cut into the moraine, forming a bluff along the nver for some distance 
Back from the bluff, between the Saginaw River and the Tittabawas- 
see River to the west, the land was high and level and well above 
the reach of flood waters Owing to the height of the land and its 
location with respect to land trails and water routes, this site was 
used from time immemorial as a camping ground by the Indians 
The southwest trend of Saginaw Bay and the low, wet lands of the 
lower Saginaw Valley further influenced the extension of trails toward 
this fav orable crossing point 

Fur traders entered the Saginaw region late in the eighteenth 
century, for traffic with the Indians they naturally chose locations 
near camping grounds or at points of \antage along pnncipal trails 1 
Thus it was that on the west bank of the river, and close to the 
Indian camp grounds, a trading post was established in 1816, around 
which a small colony of white settlers soon gathered Mainly 
through the efforts of Lewis Cass the United States Government 
acquired a large portion of the Lower Pemnsula of Michigan by the 
Treaty of Saginaw in 1819, when the Saginaw country passed from 
the hands of the Indians fore\er Shortly after, the United States 
War Department sent a detachment of soldiers to the Saginaw 
River, not only to protect the fur trade, but also to encourage further 
settlement and agriculture Tents were pitched on the Indian camp 
grounds, and a strong stockade was later erected In 1822 and 1823 
lands just to the north of the military reservation were platted and 
offered for sale One of these plats was called the “Town of Sagana” 
(Map 2) 

Movement of Easterners into the Saginaw region was early 
Stimulated by the first public land sale m the United States and by 

* Fuller, G N , Economic and Social Beginnings in Michigan (Wynkoop 
Hailenbeck, Crawford Company, Lansing, Michigan, 1916), p 375 
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the beginning of navigation on the Great Lake# m 1818, it was further 
encouraged by the opening of the Lne Cana] in 1825 New York 
financiers recognized the importance of the position of Saginaw and 
decided to promote the building of another town on the east side of 
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Map 2 

the nver The land directly across from the town was not chosen 
as the site for the new city, since a marshy island extended for a 
considerable distance along the bank (PI LXIV) Consequently a 
spot some distance north of Saginaw, on the east side of the river, 
was selected, to be known as East Saginaw Here a new town, 
bom on a levee that was flanked by a marshy flood plain, but nour* 
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ished by an abundance of brains, capital, and perseverance, quickly 
became a thriving community 

The superior quality of the white pine whu h grew in many parts 
of the Saginaw Basin was early recognized, and logging crews were 
soon cutting into this immense stand of virgin timber Saginaw 
was favored by its location to become the center of the lumbering 
activities which were springing up in all parts of the valley Ihc 
rivers and tnbutanes affluent to the Saginaw River gave access to 
an area of 3,200 square miles of some of the finest timber in the 
country Down these waterways the logs were floated to Saginiw, 
which occupied the strategic position just below the point where 
the waters from the many rivers flowed together Mills for con- 
verting the logs into lumber were built along the river at or close to 
the city The lumber was at first consumed locally, but by 1847 
shipment to the East was begun The value of this lumber quickly 
attracted attention in the Ixwer Lakes region and tn Ihe East, 
and an immediate demand for it was made upon the Saginaw 
mills 

At about this time salt was discovered on a farm to the south of 
Saginaw, where the town of Snlina subsequently sprang up This 
settlement soon became a part of East baginaw, owing to the rapid 
expansion of the larger city At about this time salt deposits were 
discovered in other parts of the valley The presence of bnne under 
the Saginaw region had been known for some time, but it was not un- 
til 1860 that the first successful salt well was completed and the 
manufacture of salt begun The industry did not make much head- 
way at first, since the cost of fuel necessary for the evaporation of 
salt was so high as to be prohibitive Then it was found that the 
exhaust steam from the engines in the sawmills could be used to 
evaporate salt from vats and pans, which resulted in such a saving 
that manufacture was undertaken on a large scale In this way the 
lumber and the salt industries were definitely combined 

Though the growth of the lumber and the salt industries was 
the mam factor in bringing about the general development of the 
Saglnaws, transportation routes caused the more rapid rise of East 
Saginaw The first road leading out of the Saginaw Valley was made 
in 1821 by the soldiers stationed at Saginaw It was cut through the 
woods, Mowing an ancient Indian trail, and over it supplies from 
Detroit were hauled to the soldiers For many years this road was 
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the only connection between Sagmaw and the outside world (Map 3) 
In 1841 a national military turnpike between Saginaw and Detroit 
was completed over the same route Several years later the state 



Map 3 Stage lines in Michigan 
in 1836 (drawn from A E. Par- 
kins, Historical Geography of 
Detroit, p 261) 


constructed a plank road from East Saginaw to Flint, a distance of 
thirty-two miles This new road, built by the capital and through 
the enterprise of the founders of East Saginaw, did not border the 



river, as the earlier roads had done, but entered East Saginaw from 
the southeast, carrying traffic from Flint directly to the new mty 
Consequently East Saginaw, located on the Detroit-FHnt side of the 
river, grew rapidly, whereas Saginaw City, being off the main hue of 
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travel and on the opposite side of the river, was m a disadvantageous 
position and suffered accordingly (PI LXV, Fig 1, text hg 4, 
Map 4) 

At an early date it was realized that railroads were essential to 
the proper development of the region In 1857 the Pere Marquette 
Railway was orgamzed, and plans were made to lay a line from 
Saginaw to Hint Since the project was financed principally by busi- 
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Mai* 4 Distribution of the population of Saginaw by wards, 1030 

ness men of East Saginaw, the line was laid to enter East Saginaw 
to the north of the business section This put Saginaw City at a 
further disadvantage (PI LXV, Fig 1) In 1864 the line was com- 
pleted all the way to Detroit, the connection put Saginaw in direct 
communication with the East, South, and West From this tune on, 
eoononne progress in the valley was rapid, with East Saginaw as the 
industrial center The lumber industry provided so much tonnage 
for the early railroads that the Grand Trunk and Michigan Central 
railways laid lines to Saginaw, and soon a network of tracks reached 
into many parte of the city 
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Lumber production dominated the life of the city until 1882, 
the peak year of the industry at Saginaw In that year over a billion 
board feet of lumber were logged on the Saginaw River But the 
great pwe forests could not last forever, and by the next year lumber 
production had declined considerably With the slowing down 
of the sawmills, salt production could not be earned on economically, 
and consequently it also fell off The decline in the lumber and the 
salt industnes became seriously felt late in the 'eighties, and with 
the resulting rapid decrease in population it was realised that other 
industries were needed if Saginaw was to remain a prosperous city 
Finally, in spite of the strong rivalry existing between East Saginaw 
and West Saginaw, the progressive leaders of both sides decided 
that consolidation was essential to their progress, and accordingly 
in 1889 the two cities united to form the City of Saginaw In this 
way the necessity for separate governments was done away with, 
and communication and trade, which had always existed to a con- 
siderable extent, were furthered In spite of this union a feeling of 
petty jealousy has endured even to the present, but it is generally 
treated with mild humor or with indifference 

Up until about 1885 the large valuable tracts of hardwood trib- 
utary to the valley had hardly been touched, but factories for the 
utilization of this timber finally began to appear* Then, in an 
effort to encourage industrial development, the Saginaw Improve* 
ment Association in 1890 purchased a large amount of low, inex- 
pensive land on both sides of the river in the southern part of Sagi- 
naw, where they offered free factory sites for prospective industries 
Several large factories responded to the offer and located in Saginaw 
The evolution from the cutting of pine trees and the making of lumber 
and salt to varied industries of a more permanent nature is still 
going on During the transition period the natural resources of the 
valley have been developed, and a large number of industries es- 
tablished by manufacturers from outside, aided and encouraged by 
the capital which was once employed in the lumber and salt 
business. 

The nature of the industnes of Saginaw is indicated by the follow* 
ing table 

* Mills, J 0 , fiuiory of Saginaw County, Michigan (Saginaw, Seaman and 
Patera, 1918), i 480 
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Number of plants 

Products 

Number of employees 

6 

Automobile parts 

7,500 

14 

Machinery and tools 

2,500 

15 

Furniture and woodworking 

1 500 

S 

Foundry and machine shops 

1 500 

16 

Food produfHs 

1,200 

76 

Diversified 

1,800 

136 


16,000 



Map 5 Present-day Saginaw 
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Map 0 A comparison of the land utilization map with the railroad map (inaet) 
bring* out the close relationship between railroads and Industrial areas in 
Saginaw 


Saginaw is now essentially a manufacturing city, and it will 
probably remain so Owing to the flatness of the land on both sides 
of the river, railroads are not confined to the valley, but come in 
from all directions Railroad transportation is therefore excellent, 
as are facilities for navigation Besides this, an ample supply of fuel 
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mined in the vicinity and a recently completed pun water system 
having a filter capacity of twenty-five million gallons daily enough 
to supply the needs of residents and manufacturers alike — have 
also played a part m making Saginaw one of the principal industnal 
centers of southern Michigan 

Saginaw has retained its position as an industnal and a commercial 
center largely because of the many railways and highways connecting 
it with central Michigan The railroads, laid down dunng the 
boom years of the lumber industry, come from a hinterland which 
not only contains a number of thnvmg towns and cities but is also 
for the most part a highly productive agncultural distnet Saginaw 
is the center of the Michigan bean and sugar industry, it has the 
largest bean elevator in the world, which annually handies eighty 
million pounds of beans It is the distributing center of the valley, 
there are in the city at present more than forty wholesale houses, 
which cover a radial territory of over a hundred and twenty-five miles 

Sagmaw today has an area of seventeen square miles, approxi- 
mately nine of which are developed (Map 5) Although outward 
growth has been quite regular, the landscape pattern is a complicated 
one, owing to the fact that the modem city is really made up of two 
earlier cities located on opposite sides of a river, but not directly 
across from each other Instead of circles of growth which char- 
acterize cities of normal development, we find semicircular patterns 
set apart which, if placed opposite each other, would resemble the 
normal city The land in Sagmaw is employed approximately as 
follows (see Map 6) 

Ptrcerdagt of total 


Use of land political area 

1 Vacant 40 

2 Residential 24 

a Small cottages 15 0 

b Middle claaa to superior 7 0 

c Slums 1 5 

d Exclusive 5 

5 Street* 20 

4 Industrial and railroad 9 

5 Public and semipublio property 4 

6 Commercial 3 


The main commercial areas of Saginaw are situated at and about 
major foci of local and regional transportation routes Their precise 
locations are due to a combination of landforms, water bodies, and 
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historical events In West Saginaw, the original nucleus of the 
whole city, there is a fairly active but rather small business section 
It is the commercial core of East Saginaw that is the real business 
center of the present city (PI LXV, Fig 2) Several new sky- 
scrapers in East Saginaw add a distinctly modern touch to the 
sky line, and attest not only the growth of Saginaw generally, but 
also the development of East Saginaw as the commercial nucleus of 
the whole metropolitan area 

Most of the lighter industries are located along the railroads in 
closely built parts of the city The heavy manufacturing plants 
are found (1) along the n\ er, on land that has been largely filled 
in p (2) In the northern part, w here the land is low and poorly drained 
(PI LXVI), (3) in the south, where low land again occurs, and (4) on 
the outskirts of the city along main railroad lines Because of the 
large amount of poor land and the many railroads there is a super- 
abundance of industrial property m Saginaw (Map 7) 

The poorest residential sections of the city, the alums, fringe 
the river or rati ways, adjoin manufacturing areas, or occupy land 
which, because of poor drainage, occasional overflows, or heavy 
smoko, is unsuitable for better homes The largest section of slums 
is m the northern part of East Saginaw near the Pere Marquette 
Railway shops and the Chevrolet Motor Company plant, which have 
attracted largo numbers of Negroes and Mexicans to that part of 
the city 

Cottage areas are more extensive in Sagmaw than is any other 
sort of residential district, occupying about 15 of the 44 per cent of 
land used for residential purposes They have grown up mainly (1) 
on lower land undesirable for high class residences, (2) near factory 
sites, and (3) w an irregular zone which extends around the city at 
such a distance from the business centers that the land included in it 
m relatively low in price and not highly restricted Meet of the homes 
in Saginaw were built during the years of the lumber boom, and 
consequently reflect the style of that period Owing to the small 
size of so many homes, built during that period, over 65 per cent of 
the families in Saginaw own their own homes s 

Homes ranging from middle class to superior or exclusive are 
found in the higher, more desirable localities, such as the shady 

# Fifteenth Centui of the Umbd State* l&SO, “Population,” Vol VI, “Fami- 
lies/' p 31 
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Map 7 Part* of the Motion* of Saginaw discussed In the paper The key \ 
the legend I* aa follows 

1 Local business 8 Superior residences 

2 Light industries 9 Wholesale houses, warehouses 

3 Heavy industries 10 School 

4* Railroad property, freight eta- 11 Apartments 

tlona, depots, etc 13 Church 

5 Stums 13 Main highway 

0. Small cottage* 11 Vacant property 

7 Middle-elas* residences 
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moraine area south of the business district of East Saginaw, and 
along mam thoroughfares Proximity to the business district is no 
longer an essential to good residential property, rather, rapid trans- 
portation has made the land along or just off the mam highways at a 
considerable distance from the center of town a highly desirable lo- 
cation for good residences Some of the most modem high-class 
homes are not far inside the city limits, and it is probable that 
considerable growth will take place in these sections in the future 

In and about the areas that have been described are a number of 
pleasant parks and playgrounds located with hardly an exception 
near well-to-do residential districts and in spots of unusual scenic 
beauty, while out beyond the city proper is the suburban area, 
made up in some places of subdivisions of single lots and in others of 
farms of various sizes 

The future of Saginaw is mainly dependent upon the stabiliza- 
tion of the newer industries which have come Into existence since the 
decline of the lumber business Although a few of these enterprises 
have failed, the increasing number of smaller industries seems to in- 
dicate that conditions are becoming more settled 

The effect of the St Lawrence waterway project upon the future 
of Sagmaw is problematical There are a number of companies that 
export products to foreign countries, and it is probable that a deep 
waterway will be beneficial to them The Sagmaw River has already 
been dredged to allow large lake boats to come to Saginaw* and 
further deepening will make it possible for ooean steamers to reach 
the city It might be thought that Bay City, ainoe it is closer to 
Saginaw Bay than is Saginaw, would have a decided advantage and 
would become the mam port of the Saginaw Bay region However, 
Sagmaw has already firmly established itself as a trading center of 
the valley, whereas Bay City is on the periphery of the area It is 
therefore entirely probable that this condition will offset much of 
the disadvantage which the upstream location of Saginaw might 
offer Thus though railways and motor cars will continue to care 
for local and regional transportation very much aa they do at present, 
the new waterway will enable the city to enter into commercial re- 
lations with other parts of the world That this is expected is 
indicated by the fact that water-front property has risen in price 
within the last few years It is doubtful, however, whether there is 
enough in the hinterland to warrant the belief that the proposed 
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waterway will establish Saginaw as an unix>rtant ocean port or will 
afford any unusual impetus to industrial activity 

There Is every indication that Saginaw will continue to be a city 
of diversified industries, and it may enter into world relations to a 
limited extent There is no reason to believe, however, that it will 
increase much in either size or importance in the future, although 
it will probably always remain the key city of the Saginaw Valley 

Waynb University 
Detroit, Michigan 
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THE LAKE ST JEAN LOWLAND, 
PROVINCE OF QUEBEC * 

ROBERT M GLENDINNING 
Introduction 

T HE earliest geographical knowledge concerning the area border- 
ing Lake St Jean emanates from Pdre Jean de Quen, the first 
white man to view the great lake which is the source of the river 
Saguenay (Map 8) 

P&re de Quen, with two savages as guides and canoemen, left 
the little Indian village of Tadoussac at the mouth of the Saguenay 
in August, 1647, and began the westward journey up the rock- 
walled river The small party left the great river at the present site 
of Chicoutimi to follow the course of the nver of that name up to 
Lake Kenogami (Map 8) They paddled westward on this lake to 
its end, where the canoe was carried overland to the small body of 
water called Kenogamichiche (Lake Vert, see Map 9) Without 
encountering further obstacles they continued across this lake and 
down a tributary of the Belle River to its mouth on the southeastern 
shore of Lake St Jean, reaching there on the second day of Septem- 
ber, 1647 1 

Several other men, chiefly Jesuits, followed closely on the heels 
of P6re de Quen, among them P£re Gabriel Druedlettea and Pdre 
Claude Dablon, in the summer of 1671 * Pc 4 re Charles Albanel 
visited the area on his famous journey to Hudson Bay in 1671 * 
From descriptions left by these intrepid men, as well as by many 

* This paper is a curtailed form of an unpublished article of the same title 
The field work on the area was done in the summers of 1931 and 1932 The use 
of M St Jean" in preference to "St John" la followed m the attempt to preserve 
the original name and to avoid the incongruity involved m employing the English 
form Ml juxtaposition with the primarily French nomenclature of the area Other 
reasons, for which there is no space here, also enter into this usage 

* Thwaifal, R O , editor, /estrtf Rdatwn* and Allied DocvtnmU {Biutwb 
B ros. Co , Cleveland, 1898), 81 250, 262 ' find, 46 261 

* Md , 66 156 
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more, 4 it is possible to reconstruct, ui a general way, the landscape 
expression of the region at the time of the advent of the white man 
The focal point of the picture is occupied by a large, elliptical lake 
bordered by a relatively level plain, which m turn is surrounded by 



Map 8 . hake 8t Jean, the Saguenay, and the St Lawrenoe 


hilly uplands of solid, glaciated rock From the highland many 
large rivers descend from nearly all directions to replenish the great 
natural reservoir The lake receiving these copious waters has but 
one outlet, a double one, through which the waters rush and tumble 

4 Thwaites, op ctf, 68 41 Sec also de Rochemonteix, te P Camilla, tee 
J Atuties tit la France ou XVII* nbde (tatouzey et An6, Paris, 1896), 8 418 
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as they race eastward in their gorges to form, at their junction, the 
nver Saguenay (Map 10) An extensive forest, dominantly conif- 
erous, cloaked the lowland and spread up into the highland, where 



Map 9 Land division* of the St Jew* Lowland Baaed on field work, corre- 
spondence with members of the Geological Survey of Canada, Royal 
Canadian Air Force photographs, and reference maps 1 and 10 (see p 341) 
Transects (insets) adapted from A Graham, Land Classification North of 
St John (unpublished), obtained through the courtesy of the author 

Ita mantle was broken by barren, glacially smoothed hills In the 
woodland lived many animals, such as the moose, bear, otter, beaver, 
and porcupine. The waters of the lake and streams harbored an 
abundant fish life, made up of such species as trout, salmon, perch. 
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pike, and carp In this pmmlrve setting moved the Indians, using 
the streams as their highways, the lowland shore at (ertain spots as 
summer meeting places, and the immense spaces of the upland for the 
winter activities of hunting and trapping Among the Indians a 
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the French-Canadian agriculturist with his land-clearing and crop- 
planting activities The lowland is now largely cleared, especially 
to the east, south, and west of the lake This land is occupied by 
long, narrow fields which stretch back from the roads that thread 
the plain With the clearing have come the crops, the domestic 
animals, the fences, the lines of roadside buildings, and the retreat of 
wild animal life But, surrounding this region of change, the dark 
forest, little broken by the thrusts of human beings, looks down 
from the plateau and over large areas to the north of the lake still 
disputes with the fanner for possession of the plain 

The Terrain 

A DESCRIPTION OF THE NATURAL PORTION OF THE LANDSCAPE 

Surface and drainage — Between the low shores of the lake and 
the base of the encircling upland there are terraces which nse in 
broad, shallow steps They are composed of unconsolidated sands 
and clays that were deposited, during Champlaiman times, in an 
arm of the sea which reached westward through the Saguenay trough 
and drowned the basin in the lowest portion of which the lake now 
lies it is these depositional features that constitute the plain 
(Fig 5 and Map 9) 6 There are three terrace levels, although the 
upper one is in many places fragmental The edge of each of these 
terraces marks a stage in the withdrawal of the sea waters from the 
lowland The lake-facing edge of the lower terrace has an altitude, 
with reference to present sea level, of approximately 345 feet, the 
seoond, 360-370 feet, and the third, about 500 feet 4 However, the 
treads of the terrace steps are not horizontal, rather, each one rises 
at a very slight angle from its edge to the base of the next, so that 
the actual step-up, depending on locality (PI LXVH, Fig 1), is 
only some twenty to forty feet 

Within the plain there are lesser landforms which merit atten- 
tion Numerous streams have eaten their courses into the soft ma- 

• Drewcr, John A , Pari of the D\$tnct of Lake 8t John , Quebec (Gov Print 
Bureau, Ottawa, 1016), Memoir 93, Geot Ser No 74 4, 48 See also Blanchard, 
Raoul, “Le Saguenay et le Lac Saint-Jean,” Re* de gSog aljnne , 21 26-33 1933 

• Dreeeer, &p at , p 3 See also Montgomery, R. H , Procue Levelling tn 
Quebec North of the St Lawrence Rtoer (Acland, Ottawa, 1929), Geodetic Survey 
of Canada, Publication No 18, and Sinclair, G E B , “Bench Marks between 
St, Ftficten and Isle M&Iigne, Quebec, Via Provincial Highway No 15, around 
North Side of Lake St John,” unpublished, 1939 
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tenals, with the smaller ones producing deep, youthful gullies, and 
the larger ones, broad lanes of water flanked by low shores that are 
swampy in places (PI LXV11, Figs 1-2) Northeast of the lake 
there is an area in which outcrops of glacially polished rock hills 



Map U B&eed on reference map l (see p 341) 


are plentiful, extending from the lake edge through the eastern part 
of Canton Taillon and the western part of cantons Delisle and 
Oarnier to the upland (Map 11, PI LXX1I, Fig 1) Southeast of 
the village of St Prime (Map 9) there is a pronounced ridge, the 
CV)te St Prune, which extends from Pte Bleue in a southwesterly 
direction to the base of the upland 1 It presents an escarpment nearly 
7 Dresser, op cut , pp 27-28 






Lake St Jean Loula?id 


319 


one hundred feet high to the lowland about bt Prime (PI LXVII, 
Fig 3) Toward the lake the escarpment lowers gradually to Pte 
Bleue, and from the crest, where pre-C ambrmn rocks are mueh 
exposed, it slopes gently to the southeast, merging imperceptibly with 
the general terrace level which overlaps it on that side (PI LXXII, 
Fig 2) Between Val J albert and Ohambord (Map 9) there are two 
small ridges the C6te Pte aux Pms and the ( 6te Chambord 
They owe their existence to upraised portions of the bedrock which 
extend from the base of the upland in a northwesterly direction to 
the lake The extension of this structure can be tract d m the Isle aux 
Oouleuves and the Isle tie la Traverse (Map 9) I he t 6te Pte aux 
Pina follows this trend, dipping gently to the lake Its shape is 
much like that of a shallow, inverted canoe and, unlike the G6te 
St Prime, there is no escarpment It is mantled with the soft ma- 
terials that compose the plain lhe C 6te Chambord is like Us 
neighbor in trend and shape, differing from it in being 1 irger, m not 
quite reaching the lake, and in having near its top a ( burner mantle 
of deposits, so that bedrock is exposed in the watercourses and along 
roadside ditches Both these forms vary in altitude from about 350 
feet at their lakeward ends to over 500 feet where they join the 
upland Other interruptions to the lowland plain are minor ones 
At certain places glaciated bosses protrude from the general level 8 
They are like the rock hills which occur in greater profusion in the 
area mentioned, to the northeast of the lake These outcrops occur 
in the plain between the Belle River and the D6eharges, northwest 
of the village of St Prime and just south of Normandm (Maps 9 10) 
To the north, along the outer edge of the lowland proper, they become 
so numerous as to warrant the inclusion of the area in which they 
occur as part of the upland landscape In addition, there are near 
Bt Jer6me two karnes which resemble large, partly submerged whales 
with their heads pointed to tho northwest (Map 9) • 

The edge of the encircling higher land vanes in altitude from place 
to place but even at the lowest points it forms an easily discernible 
rim against the horizon Along the southern edge of the lowland, 
from Lake Vert to the Ashuapmouchouan River, the rim appears 
from below as a forested wall which rises as much as five hundred 
feet above the plain in the east and descends gradually westward 
(Map 9, Fig 5, PI LXVIIl, Fig 1, PI LXXIII, Fig 1) 10 The 
* Ibvt , p 27 • Jtnd , p 45 "Ibid, p 4 
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eastern run of the basin is lower and more broken, and la deeply 
indented by eastward-reaching fingers of the plain (Fig 5, PI LXVII, 
Fig 2, PI LXXI1I, Fig 2) The northern border of the lovland 
Is the least conspicuous and, like the eastern run, has terrace tentacles 
which invade for considerable distances, particularly along the stream 
courses When seen from afar, however, it appears well marked, 
and only as one approaches closely is it found to be less sharply de- 
fined This northern boundary has been drawn where the rock out- 
crops become plentiful enough to give one the impression of the 
plateau landscape, or, in other words, at the edge of the lowland 
proper 

In essence, then, the surface of the region consists of a large lake 
bordered by clay and sand terraces, which are m turn flanked by a 
glaciated upland 

Lying on, or deeply cut into, the surface are the features of the 
drainage These hydrographic elements, of which Lake St Jean is 
the most conspicuous, are composed of lakes, streams, and swamps 
With the recent completion (1926) of dams and barrages at the 
D£charges the outflowing waters of the lake are controlled to prevent 
the former fluctuations m level between late summer and spring, 
and hence to insure a known minimum for the development of hydro- 
electric power w This body of water, of oval shape, presents a vast 
blue expanse in summer and a plain of snow-covered ice m winter 
The Indians knew it as “Piougamik,” signifying “flat lake” in their 
tongue a Its waters are shallow and dotted with small islands, most 
of which lie in the eastern portion near the D^oharges (Map 9) The 
shore is generally low, so low at Roberval, for example, that a small 
"sea wall” has been constructed to protect the edge of the lower ter- 
race from storm waves Where the C6te St Prime reaches the shore 
at Pte Bleue, stony headlands, twenty to forty feet in height, front 
the water The northern shore west of St Henri de Taillon is 
swampy, except here and there where recent wave-cutting has pro- 
duced low but sharp embankments The same type of erosion has 
resulted in a steep terrace face, at some points fifty feet high, be- 
tweeenSt Jer6me and Pte de la Traverse Southwest of St G&i&m 

n InduMtry in Saguenay and Lake St John Dietrid (Price Bros k Co , Ltd , 
Chicoutimi, n d ) See also Dresser, op «U,p 10 

w he Saguenay et le Lae SuJean Reseovrce* el wantage* qu'il* ojfretti auz 
colon* et atus cajnlalute* (D^partoment de 1' Agriculture, Ottawa, 1879), p 10 
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for about three railed the shore is low and sandy 1 he presence of a 
sandy beach there has led the inhabitants to refer to it, somewhat 
facetiously, as the “Palm Beach” of the Lake St Jean area 

The other lakes of the lowland are few and small , Lake Vert is 
the largest Where these areally insignificant water bodies do occur 
they lie at, or close to, the base of the upland (Map 9) In the 
glaciated highland lakes are very numerous - a decided contrast to 
the condition in the plain (Map 10) 

The drainage pattern of the region is in a sense obversely radial, 
for into the lake as a hub flow many rners from practically all di- 
rections (Map 10) To be sure, the outlet (the double one of the 
D6charges) to the east has its waters flowing away from the lake, 
but ev<jn that line acts as a spoke in the radial pattern The river 
Penbonca, the longest of the streams, has its source some three 
hundred miles back in the plateau to the north, it pursues a course 
through rocky gorges and over innumerable falls and rapids to tumble 
finally into the lowland near Honfleur (PI LXIX, Fig 1) From 
this point it forms a broad, sluggish stream to its mouth at the 
north-central shore of the lake (PI LXV1I, Fig 2) Its western 
neighbor, the Mistassini and its tn butanes, is two hundred miles 
long Below Dolbeau (Map 9) its waters are broad and placid, but 
above it flows over a senes of rock ledges exposed as it dug itself into 
the soft materials of the lowland (Map 10) In the upland its course 
is torrential The nver Ashuapmouchouan (also Chamouchouan) is 
in ail essentials similar to the Mistassini Just south of Val Jalbert 
the Ouiatchouan plunges two hundred and forty-nine feet over the 
edge of the escarpment and then rushes across the constricted portion 
of the plain to the lake (PI LXIII, Fig 1) At the settlement of 
Desbiens the Metabetehouan joins the lake and forms near the 
mouth an embayment behind which several falls and rapids mark 
its course back into the highland (PL LXIX, Fig 2) The Belle 
River descends the upland nm southwest of HSbertville and then 
trends northwest to the lake One of its tributaries, the Aulnets, 
drains Lake Vert and is the route that was used by F6re do Quen in 
crossing the lowland There are several small falls in its path through 
the lowland where it, like many of the other streams, has exposed 
the rock basement The lake Itself pours its waters to the east 
through the island-dotted gorges of the Grande and the Petite 
D^charges (Map 10) The two D4charges join downstream from the 
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town of St Joseph d’Alma to form the upper Saguenay From the 
lake to tidewater on the Saguenay, a distance of some thirty miles, 
the w aters descend more than three hundred feet A study of Map 10 
will indicate that there are many lesser streams crossing the lowland, 
all of winch tend to emphasize further the roughly radial pattern 
{Hunted out above Some are much smaller than others and their 
sources may or may not tap the upland 

Between the stream lines the adequacy of drainage of the lowland 
\anes greatly from place to place The predominantly clay areas 
(Map 9) are as a whole well drained by large and small streams with 
their tributary gullies, although there are small, infrequent patches 
where the nearly level day surface is not tapped sufficiently well by 
stream lines to insure rapid run-off from the impervious materials 
The major portion of the “non-swamp” area lies to the northeast, 
east, south, and southwest of the lake, in addition there are two large 
outliers along the upper Ticouap^ River and the middle part of the 
lower Petite Penbonca With the exception of these two areas, the 
lowland to the north of the lake is a conglomeration of sand-plains and 
swamps It may be thought of as a swamp country in which there 
are islands, large and small, of sandy plain The fact that the clays 
are relatively well drained and the sandy areas poorly drained seems 
contrary to logic until it is known that the sandy portions are directly 
underlain by clays which hinder or prohibit the downward movement 
of ground water — thus insuring swamps where the sand mantle is 
thin and “islands” where it is thicker Also, the porous sands have 
probably lessened the amount of run-off and hence have hampered 
the de\ elopment of an elaborate drainage system (contrast the 
upper portion of the Tioouap6 basin, in the clay, with the lower 
portion which lies in the sand, as shown in Maps 9-10) The wettest 
part of the sand and swamp country occupies the Taillon Peninsula, 
the land between the mouths of the Peribonoa and the Mistassini, 
and the lower part of the TicouapS basin as far west and south as the 
Ashuapmouchouan Canton Raeme (Map 11) is practically all 
swamp However, as one reaches the higher ground, toward the 
upland, the swamps decrease m size and number, to the gain of the 
sand-plains The raising of the lake level by the power company has 
somewhat enhanced the swampiness of the area, particularly near 
stream mouths 

Benin — The soil mantle of the plain owes its major characters- 
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tics to the events which occurred during the Ohamplaiman sub- 
mergence, but since then certain factors, chiefly drainage conditions, 
have slightly altered the edaphic set-up The lowlund soils vary 
from compact, gray clays to porous, yellowish sands The clay areas 
have some few patches in which there is a thin accumulation of 
peaty materials over the impervious loams Where the kames occur, 
near 8t Jcr6mc, the soil is a loose collection of sand, gravel, and 
glacial boulders In the case of the 06te 8t Prime, bedrock is 
exposed along the crest and m small outcrops near the upper part of 
its southeastern slope, and also here and there in the plain, as already 
mentioned, whore polished basement rock protrudes Narrow valley 
bottoms, lying below the general level, possess bordtrmg threads of 
alluvium In the sand and swamp area the dominant sod is sand, 
with an occasional admixture of sandy loam Over large tracts 
peaty swamp mucks occur on top of and encompassed by the lighter 
soils Also in this sand and swamp country are the two large areas 
of clay loam referred to abov e The soil mantle of the plain reaches 
depths of from one hundred to two hundred feet in places, while in 
others the basement complex is laid bare 13 The upland soils are in 
decided contrast, for at the base of the rim there is usually a sudden 
change from thick manne deposits to a thin and patchy mantle of 
glacial materials (Pi LXXIII, Fig 1) The soils of the entire region 
are distinctly immature — - undoubtedly an association with their 
recent origin together with the sluggishness of the soil-maturing 
processes m an area with long, severe winters and short summers 
(Table I) 

Vegetation —Under former conditions the plain supported a 
forest growth throughout 14 The area is located, in terms of vege- 
tation, along the southern margin of the “Northern Forest Belt” of 
Canada, with its southeastern edge touching the “Transitional 
Belt ” 11 Conifers make up the bulk of the forest, with, in addition, 
a sprinkling of broad-leafed trees The upland still preserves the 
appearance of a conifer sea, broken only by recent burns, rock out- 
crops, and pulp-wood slashings (PI LXXIII, Fig 1) The forest of 

11 Dresser, op ext , p 45 

14 Ibid , p 16 Bee also Report of the Commxesxoners for Exploring the Saguenay 
(Neil son k Cowan, Quebec, 1829) See, in addition, the references cited in the 
footnotes to the introduction to this paper 

« Craig, Roland D , " Forest Resources of Canada ’ Eton Qeog , 2 394-413 

1926 
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the plain has undergone marked modification because of the “Great 
Fire” of 1870 w and the clearing of the land by the farmers The 
clay areas have been practically stripped, although new growth La 
apparent along the valley sides and the lake shore, as well as in the 
infrequent swampy patches The C6te St Prime is forest-covered, 
chiefly that portion toward the Indian Reserve at Pte Bleue (PI 
LXXII, Fig 2) In the sand and swamp areas the picture is one of 
contrast, with most of the land still in forest of one sort or another 
Areally inconspicuous clearings have been made m these parts, some 
of them very recent (PI LXX, Fig 1) and others marked by farm 
abandonment, they are confined to the sides of the main roads 
This forest presents an extremely oomplex pattern composed of 
spruce and tamarack swamps mixed with jack- pine plains (PI LXX, 
Figs 2-3, PI LXXI, Fig 1) In the higher parts of the northern 
plain the jack-pine plains become dominant, although even here there 
are numerous and often extensive patches of the swamp associations 
Recurrent burning of the drier parts has resulted in a jack-pine asso- 
ciation made up of this scrubby pine and poplar, birch, pin cherry, 
and maple, with a ground cover of bracken, reindeer moss, and 
blueberry (see pp 33&- 340 for a bet of trees and smaller plants) In 
addition to covering most of the sand and swamp area, the forest 
continues on into the upland — a contrast to the condition where 
the clays border the plateau 

Chmate — Overlying the natural factors so far described is a set 
of atmospheric phenomena pertinent to this inquiry into the land- 
scape of the lowland The climate is characterized by long, severe 
winters and short, warm summers (Table I) 17 Precipitation varies 
from a low of 1 4 inches in March to a high of 3 6 inches in July The 
prevailing winds are westerly, being southwesterly in summer and 
often northwesterly in the spring and fall As a result of the cold- 
season temperatures the streams are icebound from six to seven 
months each year m the lowland and for a somewhat longer period 
in the higher lands At this time the lake is a great sheet of snow- 
covered ice, with its level tending to fall until the spring “break-up ” 
Meanwhile the conifers stand clothed but dormant, while the decid- 

14 Audet, Francois J , Canadian Historical Dodos and Events (C Beauregard, 
Ottawa, 1917) See also Dresser, op ert , p 16 

,T The climate is Dfb, according to Kfippen, W , the Khmals dor Srds 
(Berlin u Leipslg, 1923) 
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uoub trees are barren, and tho land, like the lake, is mantled with 
deep snows The effect of the climate on man’s activities will bo 
discussed later, but from the foregoing meager description it may be 
seen that atmospheric conditions piay a large part in the seasonal 
behavior of the milieu of those activities 

TABLE I 

CUMATre STATISTICS FOB ROBBBYAL, I AK« St JhAN 


(Obtained from tho Meterological Service of Canada, Toronto) 
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The Occur ance 

A DESCRIPTION OF THE CULTURAL PORTION OF THE LANDSCAPE 

So far, the picture of the region lacks the human element in any 
great detail and consequently the multiplicity of forms that are 
associated with human settlement 

The Origin of the Present Conditions 

The Indians — Prior to the arm ai of the Europeans the Indians 
held sway over the lowland and the adjacent vast plateau country 
However, the insecurity of their foothold on the plain and the small 
degree of modification accomplished by them is illustrated in the 
fact that today they are represented only at the Pte Bleue Reserve 
(Map 9) There they spend a leisurely summer, which is Mowed by 
the winter activities of bunting and trapping in the upland In the 
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late spring they return with their furs to the Hudson Bay Com- 
pany’s post at the reservation 

The mtmonartes — In the se\enteenth century the Jesuits ap- 
peared on the scene, extending the work of the Church from Tadous- 
sac, up the Saguenay, into the lowland, and beyond toward James 
Bay Their first pormunent establishment in the plain was at 
Metabelchouan (Desbiens, see Map 9), fet Charles Mission, on the 
right bank, near the mouth, of the mer of the same name This 
was in 1665 18 trom such humble beginnings the work of the Church 
has continued until today the spires of the houses of worship nse 
high above every settlement in the region (PI LX VIII, Fig 1, PI 
LXXJ, Fig 3) 

The fur trader « ~ Along the trail blazed by the Jesuits came the 
traders in furs, at first with no permanent posts, but later with posts 
at Chicoutimi on the Saguenay, at Metabetchouan, Pto Bleue, 
another on the Ashuapmouchouan, and still others toward Uudson 
Bay 19 The lucrative trade in pelts resulted in the region being 
closed by law to other activities, until the clamor of public opinion 
and governmental inquiry, beginning about 1825, ended in coloniza- 
tion activities, which were in full swing by mid-century * Q The only 
remnant in the plain of this great fur-gathering era is the little post 
at Pte Bleue 

The lumbermen — The work of the Church and the trading com- 
panies gave notice of the great pine forests of the Saguenay, so that by 
the opening of the nineteenth century the lumbermen were pushing 
their way up the great over So far as the lowland itself is concerned, 
the lumbermen w ere of importance in calling attention to the large 
amounts of arable land bordering the lake, although the modern 
counterpart of their work is represented by the pulp and newsprint 
mills at Dolbeau, Riverbend, and Deabiens (Maps 9-10) Difficulties 
in transportation and the forest fire of 1870 doomed to failure any 
large lumbering operations m the plain 

The colomeUfarmers — The great modification of the lowland 
began with the first permanent agricultural settlement at H6bert- 
ville (Map 9) In 1851 Two years before, M 1'Abb^ Hubert, heading 

Th waitcs, op , 60 322 

11 Ibid 69 111 8<wt also Le Saguenay el le Lem St-Jmn , pp 3-4 

w Le Saguenay el le Lae St-Jean , p fi Sec also Report of the Commit- 
turner* /or Exploring the Saguenay 
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a society of colonization, secured from Parliament the right to de- 
velop the southeastern part of the plain !t He followed this with 
preparatory work which led to permanent occupation, using Do 
Quen's old route via Lake Kenogami in order to avoid the D^charge 
rapids From this ongin in the southeastern (orner the Lronch- 
Canadian settlers, domed from the St Lawrence littoral, have 
spread westward and northward until now, in varying numbers, 
they encircle the lake (Map 13, p 338) 

The Present Conditions 

Inasmuch as this spread of population, with all that it entails, has 
taken place through the slow extension of the road and, because the 
road is at present the artery along which the life of the region courses, 
it is proposed to deal with the road pat tern first, taking it as a unify- 
ing concept by means of which the associated phenomena may be 
described 

The road — The first roads built in the lowland were in the 
vicinity of Hubert ville 22 One of these conne< ted Lakes Kenogami 
and Kenogamichiche (Lake Vert), and Kenogami was in turn tied 
to the settlements on the middle Saguenay During the 'seventies a 
road was extended westward, south of the lake, to the Aahuap- 
mouchouan The less desirable lands, to (be north of the lake, se- 
cured roads at later dates and e\ en today there are large gaps m the 
road pattern there (Map 12) Many of the roads were for a long 
time without bridges over the larger streams, a ferry or, in winter, 
the ice had to lie used at these points 23 Temporary routes de- 
veloped on the lake ice, for example, it was common for the inhab- 
itants of the village of Penbonca to drive thur sleighs directly across 
the lake, some twenty miles, to Roberval m order to procure supplies 
and mail This w as done until 1920, when the railroad w as completed 
to Dolbeau At present it is possible to dnve an automobile entirely 
around the lake during the warmer season, m the winter, however, 
the snow and cold demand the use of sleighs 

Kxcept in the relatively few instances m which the conditions 

« Lalibcrtf, Abb6 Andr<5, Les Ffltes du Monument Hubert, H6borUniU, Lac 
Satnl^Jean, 6 Juillet, 1926 (Lo % ndicat dos Imprimeurg du Saguenay, Chicoutimi, 
1920), particularly pp 17-25 See also Blanchard, op at pp 78 89 

M L* Saguenay of Je Lac &t~J* van ,p 10 

» Hdmort, Louis, Marta Chapdcbtne HM du Canada jranqax* (Bernard 
, Pans, 1924), pp 25-27 See also Blanchard, oj> ol , pp 89-94 
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of drainage or of surface do not permit, the roads are laid along the 
lines of the survey This relationship is so close that it is necessary 
to describe the survey pattern before taking up the details of the 
road pattern The region is divided into cantons, ranges, and lots, 



Map 12 Based on field work and reference maps 1-4 and 2 (see p Ml) 
The inset is based on plane-table work by the author 


in order of decreasing size (Map 11) The cantons radiate from the 
lake in varying sizes and shapes but, regardless of area or form, each 
one is divided into long strips, usually one mile in width, known as 
“ranges " Each range is in turn divided into smaller stripB, at right 
angles to its trend, ordinarily one mile in length and one sixth of that 
distance in width — these are called “lots ” This strip system of 
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survey was taken directly from the old French settlements along the 
St Lawrence, M where the idea was to have as many farms as possible 
fronting the water It has resulted in certain irregularities in the 
areas and the trend of the lots in the Lake St Jean region, as shown 
in Map 11 The vast majority of the roads follow either range or lot 
lines (compare Maps 11 and 12), so that the line of the highway is 
very straight until a turn is readied, when it forms a nght angle 
and then proceeds to the next turning As a consequence, the roads 
produce a sort of broken spiderweb pattern, which is broken be- 
cause of the lake, and the absence of roads m most of the sandy or 
swampy areas (compare Maps 9 and 12) 

Conditions of drainage or of surface may cause local delations 
from the survey lines or force the roads away from certain portions 
The occurrence of small lakes, as Lake Vert, necessitates a bending 
of the highway around their shores Jn other places, as at Desbiens, 
the valleys are of sufficient depth to cause the road to desert its 
straight line in the attempt to find a crossing YYh^rc rock outcrops 
are numerous, as northeast of the lake, the thoroughfare is forced to 
deviate, although Us linear and rectilinear quality is still discernible 
(PI LXX1I, Fig 1) Where the larger streams become very broad, 
the roads seek narrower crossings far upstream, as at Dolboau, Hon- 
fleur, and St F6hoien The Grande and Petite IXcharges are easily 
bridged only in their narrow eastern courses at a considerable distance 
from the lake The entire absence of roads in Canton Bacme is a 
reflection of the swampy condition of the area between the Peribonca 
and Mistassini river mouths Out<dde the lowland the roads become 
mere tentacles leading for \ arying distances into the plateau country 
In addition to the road in the ordinary sense of the term there arc 
the other kinds of roads, or “ways/' viz the railroads and the water 
roads The railroad from Quebec enters the lowland at Chambord 
Junction (Map 8) Irom this place one branch goes west around 
the lake to Dolbeau, another east to Chicoutimi and Bagotviile 
In the eastern part of the lowland a short-Hne tentacle joins the 
eastern branch to the IXcharges (Map 12) n The water roads are 

« Miller, Pmtle, Terre* et peuples <lu Canada (f ibnurie Bcouchemln, Mont- 
real, 1913), notes on pp 30 , 32 , 108 See also Munro William B , The Set ffmorol 

r n »w Canada^ A Study m French Colonial Poltcy (Longmans, Green & Co , 
York, 1907), especially p 24 ( 

* Contrary to the Standard Topographical Map, Quebec, Roberval Sheet, Sheet 
34 (Ottawa, 1929), the railroad does not extend to the lower falls of the Peribonca 
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the rivers and the lake The Ashuapmouchouan, Mistassini, and 
Penbonca are used by the Indians in their seasonal migrations to and 
from the upland, and the lake enables their canoes to reach the 
reserve at Pte Bleue Spruce bolts, for making pulp, travel down 
the Mistassini and Metabetchou&n particularly, journeying from 
the forests of the upland to the lake, where small steam tugs pick up 
those at the mouth of the Mistassini and raft them across the lake 
for the mill at Riverbend (PI LXIX, *ig 2, PI LXXIV, Fig 1) 
During the ice-free season there is some nonschedule movement of 
persons and goods by small lake boats, but this latter phase is of 
decreasing importance since the extension of the railroad to Dolbeau, 
it has taken on the aspect of Sunday excursions, chiefly between 
Roberval and Penbonca (PI LXVII, Fig 2) 

Road connections with the outside world are few (see Map 8) 
The railroad joins the lowland with Quebec to the south and with 
Bagotville and Chicoutimi on the Saguenay tidewater The high- 
way to Chicoutimi continues to St Simeon on the St Lawrence, 
although its narrowness and steep grades help in the isolation of 
the lowland Another road connects the southeastern part of the 
plain directly with Quebec This “road/’ a somewhat improved 
version of the old Quebec-Lake St Jean Trail” leads the traveler a 
rough and winding chase through the I^auren tides Park 

The agricultural forms associated with the road — Closely related 
to the highways are many apparent landscape features In the clay 
areas, where roads are more numerous, these features are dominantly 
cultural, whereas in the sand and swamp portions they are chiefly 
of natural origin The outstanding cultural element connected 
directly with the road is the farm Along with the farm go the 
agricultural people, the buildings of the farmstead, the crops, and 
domestic animals 

Each farm occupies a strip of land which fronts on the road and 
extends at nght angles to it This strip arrangement, originating m 
the surv ey system, causes one end of the farm to touch the highway 
and the other to he one mile from it It is further stressed by the 
common practice of dividing the farm into two or more stnp fields, 
onented with the lines of the mam strip (PI LXXIV, Fig 2) The 
result of this is the transformation of the cleared parts of the plain 

* Davenport, Mrs , Journal of a Fourteen Days' Rule through the Bush from 
Quebec to Lake St John (Daily Mercury Office, Quebec, 1873) 
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into ft succession of long, narrow fields, equally conspicuous from the 
ground or the air Another result is the placing of the farmstead 
directly contiguous to the road, for there are the place of egress and 
also, when heavy snows mantle the land, the location which facili- 
tates the gaining of the highway by the horse and sleigh Other 
factors difficult to evaluate, such as gregarious tendencies, undoubt- 
edly enter into this hugging of the road (PI LXXI, Fig 2, PI 
LXXHI, Fig 2) The buildings of the average farmstead comprise 
a farmhouse, a barn, a wagonshed, an outdoor oven, and small sheds 
for fowl and hogs The house is invariably placed close to the road 
It is ordinarily square in ground plan, two stones in height, and 
capped with a mansard-like roof The bam is set back in such a 
position as to give easy access to both the fields and the farmyard 
Outdoor ovens are the rule, they are placed within easy reach of the 
woodshed and the back of the house Other structures follow no 
particular plan of arrangement Many farmers have hay barns 
located near the midpoint of the farm stnp, but otherwise no buildings 
appear away from the farmstead Wood, usually unpainted, is the 
common matenal of construction (PI LXXI, Fig 2) 

The persons occupying the farmstead, with their French tongue 
and ancient customs, give the region a distinctly Old World com- 
plexion familiar to all who have traveled m French Canada The 
names of the villages and towns reflect this condition directly, as do 
many other things, such as the operation of the spinning wheel m 
the processing of wool for the making of the famous French-Canadian 
homespun The life of the family is entwined w lfcb the land and the 
parish church, it may be said, without any intent of sacrilege, that 
their energies are devoted to their animals and crops for six days of 
the week and to the worship of God on the seventh During the 
summer the work is directed toward the production of animal and 
human food, together with the activities of dairying and the trans- 
portation of milk to the local cheese-and-butter factory With the 
advent of winter the fields are deserted, but the other activities go on 
without interruption In spite of the hardships of the severe winters, 
it is a calm, steady, perhaps en\ table, existence, little interfered with 
by the present world economic depression and its attendant cata- 
clysms 

Crop production is centered on feed for animals, chiefly dairy 
cattle The importance of hay and pasture in the agricultural 
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economy warrants the inclusion of the area in the Forest and Hay 
Region of North America, although m many respects, Buoh as the 
export of cheese, it takes on the aspect of an outlier of the Hay and 
Dairying Region * 7 Roughly two thirds of each farm is devoted to 
the production of mixed hays and to pasture, the remainder to oats, 
wheat, and barley chiefly, but in lesser amounts to potatoes, soup 
peas, buckwheat, turnips, and gardens It will be noted that the 
crops are of the hardy type — an obeisance to the dictates of a 
climate which allows on the average a growing season of not much 
over three months 

In the sand and swamp portions there are relatively few farms, 
for reasons already noted Farm abandonment appears in these 
areas, partly as a reflection of soil and drainage conditions, but also 
because of a longer-continuing isolation and the recent raising of the 
lake level This abandonment is noticeable in the Taillon Peninsula, 
along the road east of Penbonca, and m the vicinity of St M£thode 
In spite of this, farm abandonment is not areally conspicuous, partly 
for the reason that the amount of land in farms m these portions was 
never very large The higher parts of the sandy terraces support 
occasional farms, often isolated from one another by spruoe swamps 
and burned-over jack-pme plains This is especially true along the 
roads west and north of Dolbeau, where recently, as a result of govern- 
mental inducements, new and pioneer-like farms are being estab- 
lished (PI LXX, Fig 1) It remains to be seen what modem 
methods, coupled with encouragement of a material nature by the 
government, can do with these lands 

Regardless of the location of the farm the domestic animals 
constitute the hub of the rural economy Well-established farms, m 
the clay areas chiefly, have dairy cattle, horses, sheep, hogs, chickens, 
and ducks The numbers vary from farm to farm, but it is not 
uncommon for one to have fifteen or twenty dairy cattle 

Most of the products of the farm are consumed in the plain 
However, great quantities of oheeee are shipped to Montreal, along 
with lesser amounts of butter, beef, mutton, and pork On a rising 
market grains and hay may be shipped to Quebec and Montreal 
Hay, grains, and potatoes are sent to the "shanties” (lumber camps) 
in the upland during the winter season 

,7 Baker, 0 B, "Agricultural Regions of North America," Seen Geoo , 
2 459-403 1026 
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Other phenomena directly related to the road and at the same 
time dependent on agriculture are the villages and some of the towns 
These features are numerous along the roads of the plain, but the 
upland supports \ery few (Map 9) In the lowland they are con- 
centrated on the clays, although they do occur in the sand and swamp 
country Practically all are located at road crossings or intersections, 
a few are found at the crossings of the larger m era (Map 12) 

The village patterns conform very closely to the line of the high- 
way, so closely, in fact, that they strongly resemble StrassendOrfer 
(PI LXXI, Fig 3, PI LXXlir,Fig 2, PI LXXIV, Fig 2)* These 
small concentrations of people depend entirely on the adjacent 
farms for their existence The dwellings are frame buildings, placed 
very close together, and front directly on the street itself The 
majority of the village dwellers ha\e their own farms, which extend 
in strips back of their homes (PI LXXIV, big 2) Furthermore, it is 
very difficult to ascertain, as one travels the roadway, exactly where 
the village terminates and the moro open farming country begins 
Each village is dominated by the spire (or spires) of the parish 
church, actually this is the first thing one sees on approaching 

There are some villages which illustrate a slight departure from 
the pattern described They differ in that they possess short off- 
shoots from the mam street, as where a road junction or a turn 
occurs The village of St Cceur de Mane shows this modified form 
(PI LXXV, Fig 1) In cases of this sort the village takes on a 
T-sh&pe when the offshoot is from the center, or an elbow shape 
when it has spread around a right-angle turn, as illustrated by 
Honflehr Two villages are distinctly irregular m pattern This is 
true of the village of Mistassini, where the highway ignores the survey 
lines in its attempt to cross the nver Mistassini and its tributary 
the Mlstassibi, and of the little settlement of Val Jalbert, the road 
in Val Jalbert makes a small bend away from the lake in order to 
cross the lower rapids of the Ouiatchouan 

The towns of the lowland are of two kinds first, those that are 
dependent on agriculture, second, those that exist because of in- 
dustrial enterprises The latter will be discussed subsequently, in a 
consideration of the nonagncultural forms associated with the road 

m This L« true of St Bruno, St G&ifon, St* Croix, Chambord, St Prime, 
K D delft Dor6, St MMhode, Normondin, Albanel, Ste Jeanne d'Arc, St 
Augiutin, V Ascension, and St Honri d« TatlUm 
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The former are but larger expressions of the villages — villages which 
have taken on further functions and have, as a consequence, grown 
in size and complexity of pattern Towns of this latter sort arc 
H4bertwlle, Roberval, St Fflicien, and St Jerdme 

Hubert ville possesses an irregular pattern, with tendencies toward 
rectangulanty (PI LXXV, I ig 2) The major portion of the town 
lies on the nght bank of the Aulnets (Aulnais) at the junction of the 
Lake Kcnogami-Lake St Joan road and the highway which leads 
south into the upland The town is centered functionally about a 
post office, a few general stores, and the church Roberval is situ- 
ated on the lake shore between the water's edge and the railroad 
(PI LXXII, Fig 2) It is onented to the main street, which parallels 
the lake, and from this street other short thoroughfares extend at 
nght angles There are also a few streets of varying length which 
are subparallel to the main artery Roberval is dominantly com- 
mercial, but the normal school, courthouse, and two churches are 
illustrative of other functions St IChcien is spread along a street 
which parallels the right bank of the Ashuapmoucbouan, with some 
close building following a road to the southwest, for about a block, 
to the railroad station Like Roberval, it is tucked in between the 
water and the railroad Its fumtion is commercial, although the 
magnificent church indicates a religious importance (PI LXVIII, 
Fig 1) St Jer6rne is similar to Roberval in function, but its pattern 
is quite different It occurs where a road following the lake shore 
meets at an oblique angle a road from the southwest Because of 
this the town assumes the shape of a Y 

As may be seen from the airplane photographs, these towns grade 
into the surrounding fields, which lend to the settlements an atmos- 
phere that one immediately associates with the countryside 

Nonagncultural forms associated with the road — The industrial 
establishments associated with the road are secondary throughout 
the lowland to those of agriculture They comprise a major hydro- 
electric development, pulp and newsprint millB, cheese factories, 
small sawmills, blueberry canneries, and quarries Only the first 
three are of prime importance 

At Isle Mahgne, on the Grande D6charge, is a hydroelectric plant, 
one of the major plants of its kind m Canada (PI LXXIV, Fig !),*• 
which is at present developing 540,000 HP In connection with 
i in Saguenay and Lake St John Dminet , pp 10 U 
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this plant occur the dams and barrages which were mentioned above 
in the discussion of the stabilization of the lake level Power from 
this place is sent by transmission line to the mills at Dolbeau and 
across the Laurentmns to Quebec The abundance of power at Isle 
Mahgne has practically crowded out small electric plants elsewhere in 
the plain 1 ho railroad extension to the Dtfcharges owes its existence 
to this Isle Malignt development located mar the plant are the 
homes of the employees, the officers and foremen live on the north 
bank, and the other workmen are quartered in straight lines of 
company houses on tht south bank 

Ihe pulp and newsprint mills, and with them the mill towns, 
arc located at Riverbend, Dolbeau, and Desbiens Riverbend 
(geographically a part of St Joseph d’Alma) lies on Uu north b ink 
of the Petite Discharge (PI LKXI\ , Fig i) It is a small settlement 
with an irregular, “ American” plan of streets whose sides are. flanked 
by homes of the bungalow type Adjacent, to the west, are the 
large buildings of the mill and the mammoth pies of pulpwood 
bolts The plan of Dolbeau is rectangular, in such a manner that the 
town is composed of square blocks Zoning plans have been adopted, 
so that there is a distinct business section and an equally distinct 
residential district It resembles m form, buddings, and other things 
the modern company towns of the United States so much so that 
it seems a cultural interloper which has somehow gained admittance 
to the hrcnch-( anadian circles of the region Ihe mill at Dolbeau 
was in no small way a factor in the extension of the railroad from 
St Klicien to the Mistassini by 1926, and is also the reason for the 
attempts to improve the mam highway around the north side of the 
lake Desbiens, at the mouth of the Metabet chouan, retains its 
French atmosphere in spite of its industrial function It fronts 
on the mam road and extends to the railroad in n simple block 
pattern 

Pulp wood, to feed the mills of these towns, is derived from tho 
forests of the upland The newsprint produced is shipped out by 
rail to Quebec, or to the head of navigation on the Saguenay and 
thence to the outside world by boat 

The town of St Joseph d'Alma (including Riverbend) is a re- 
flection of both agricultural and industrial activities It serves the 
mill and the farm, in addition to the church It is famous throughout 
the region as a place possessing a icgular motion-picture theater 
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Its pattern, irregular yet simple, is shown by the airplane photo- 
graph (PI LXX1V, Fig 1) 

Checse-and-butter factories are scattered throughout the lowland, 
but arc definitely concentrated m the clay areas These small es- 
tablishments reflect the activities of the farm and consequently 
differ, in that manner, from the pulp mills and the power plant 
Situated as they are on the edge of the road, either in the towns and 
villages or here and there in the country, they will be found to have 
a distribution conforming to the road pattern 

At Roberval, St F61icien, and St Henri de i&illon are small 
blueberry canneries Their operation is confined to a few weeks in 
midbumtmr, and their number, small size, and spasmodic operation 
relegate them to an insignificant place in the areal scene 

lhcre are numerous small sawmills located in, or adjacent to, 
the tow ns and villages, at places where small falls (or the damming 
of a stream along the side of the road) provide power for the making 
of laths, shingles, and rough boards Their meager production is 
consumed locally 

Ibis general treatment of the nonagn cultural forms related to 
the road may be concluded with the mention of two quarries One, 
a shale quarry, lying just to the north of Roberval cm the road to 
Ptc Blcue, furnishes material for road surfacing, the other, north- 
west of Robenal on the St Prime road, provides a handsome pink 
granite used in the construction of churches and other public build- 
ings in the adjacent portion of the lowland Obviously, then, to 
judge from the foregoing discussion, it is agriculture, rather than 
industry, that gives character to the settled parts of the Lake St Jean 
lowland 

The Distribution of Population 

A KEY TO THE LANDSCAPE OF THE LAKE ST JEAN LOWLAND 

The agricultural and industrial forma which are distributed in 
relation to the arteries of travel owe their existence, as do the arteries 
themselves, to the presence of man in the area It is he who has 
extended the highway and moved along it, establishing his farms 
and settlements where conditions were favorable It is he who has, 
at a few points, attached the industrial forms to the surface of the 
earth Just as important to the areal scene is the fact that be has 
a\oided certain parts of the lowland, and has left the upland nearly in 
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its natural state In this sense, then, the distribution of man in the 
region is the key to the distribution of other forms, both natural and 
cultural 

Its relation to other landscape features — When we turn to the 
details of the population distribution, certain correlations with factors 
already described begin to stand out I he population is seen to be 
concentrated in the lowland at the expense of the plateau — a con- 
comitant to contrasts in power of attraction between the glacially 
eroded upland and the thickly soiled lowland Within the lowland 
concentrations occur primarily on the areas of clay loam In the other 
portions conditions of drainage and soil are such as to retard any 
great settlement, although locally, as near Dolboau and Mistassini, 
the presence of labor-demanding mills has aided families to take up 
farms, the head of the family works in the mill, or perhaps in the 
“shanties” in the winter season, and the other members of the family 
carry on the work of the farm Also, as noted, government induce- 
ment is bringing about a new, purely agricultural settlement m parts 
of the sandy lands 

Its pattern of distribution — * The population pattern of the low- 
land is rather extraordinary (Map 13) Because population follows 
the road, it is linear but, because it follows only roads which lie along 
range lines and avoids those along lot lines, it is discontinuous 
The result is straight lines of population (Pi LXVII, Fig 3, PI 
LXXI, Figs 2-3, Pi LXXIII, Fig 2, PI LXXIV, Fig 2) To 
clarify this pattern a detailed map is presented (see the inset on 
Map 12) Part B of this map shows Canton Ashuapmouohouan with 
its roads, farm dwellings, and the settlements at St Prime and 
St F6hcien The farmhouse is taken as the point of attachment of 
the population to the earth's surface The roads which extend 
northwest-southeast follow range lines (check with Map 11), the 
roads at right angles to these run along the lines of the lota Note 
that the farm dwellings hug the courses of the range-line roads but 
ignore the lot-line roads almost completely If this distribution is 
multiplied for the other cantons of the plain, the complete pattern 
shown on Map 13 is produced The exceptions to this straight-line 
distribution (see p 329, discussion of the occasional deviation of 
roads from survey lines) are also illustrated in the inset on Map 12 
In part B the road north of St Pnme is forced to curve with the 
edge of the water, hence a curve in the line of population follows 
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A further example of this is shown in part A } where the road be- 
tween Roberval and Val Jalbert, bordering the lake shore, causes the 
population line to bend with it The rule and the minor exceptions 



Map 13 Baaed on field work, Royal Canadian Air Force photo- 
graphs and data from StcUutiques municipal** pour t’annSe 
civile 1989, Bureau of Statistics, Quebec, and Z/Annuatre den 
< ‘unU4x de Chicoutimi et du Lac Sl-Jean, Chicoutimi, 1929 

thus exemplified in detail, when extended to the rest of the lowland 
portray the essentials of the population pattern 

Conclusion 

The attempt has been made to describe, by means of maps, 
photographs, diagrams, and text, the landscape of the Lake St Jean 
lowland in such a manner as to produce a concrete picture in the 
mind of the reader 

This landscape has undergone a considerable change from the 
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time of its discovery in the seventeenth century to the present day 
Ihis change has been accomplished chiefly by the French-Canadian 
farmer By neglecting certain ireas and highly developing others 
ho has produced thi present patterns of the landscape complex 
ihe unifying clement is the road, along which he moved and on 
which the circulation of the legion still depends By settling directly 
at the roadside and extending his strip fields back from the road he 
has proeluccd in the elensely settled portions a continuous area of 
strip fields, through which the lines of population run as major 
threads m tho warp and woof of the landscape pattern The lack of 
these threads in many of tht sandy and swampy parts of the plain 
and in most of tht surrounding upland denotes areas of little modi- 
fication from the original natural condition 

A PARTIAL LI8T Oh TRFLS AND SMAU hit PF ANTS 
IN Tito TAKE SI JE\N ARfA 

this list is based on that of Prcs-wr, op cit pp 17 18 heveial additions 
Uavi been made by tht author 1 he botanical names and most of the common 
names have been chtcktd m (bay h New Manual of Botany Si vt nth Edition 
(Ameneau Hook Company New \ork, 1908) 

Pmus Bankwana, jack pine, northern scrub pine 

Pin us reHinosa, red pine 

Pin us Htrobus, white pint 

Picea mariana, black spruce, bog spruce 

Picca canadensis w hiU spruce 

Abies balsami a balsam fir, balsam 

Thuya (Thuja) occidentals, white cedar, common Oular 

Larix lancma, tamarack, black larch, American larth 

Popuhis trcmuloidcH, poplar, trtmblmg asp< n Aniirican aspen 

Populus balsamifera, poplar, balsam poplar tacamahac 

Betula papyrtftta, white bin h, paj>er birch 

Bctula lutt a, yellow birch 

Bttula pumila, swamp birth low birch 

Betula glandulosn, dwarf birch 

Acer spicatum, mountain maple 

Actr ntgundo, box oldtr, Manitoba maple, ash leaftnl maple 

Acer pennsylvamcum, striped maple, moose wood 

Acer saoch&rum, sugar maple, rook maple 

Acer rubrum, swamp maple, red maple 

Salix nigra, black w illow 

Salix luoida, shining willow 

Salix rostrata, common willow 

Hahx discolor, glaucous willow 

Salix Candida, sagt w illow hoary willow 

Salix cordata, willow, no other common name 
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S&hx petiolaris, willow, no other common name 
Prunua pen nay Ivan lea, pm cherry, fire cherry, bird cherry 
Prunua virgmiana, choke cherry, black cherry 
Prunus pumila, aand cherry 
t rax in us pcnnsylvamca, red ash 

Fraxlnus p< nnaylvanica vant ty lanocolota, green ash 

Fraxmus mgra, black ash 

Ulmua amencana, white elm, American elm 

Ulmua fulva, slippery elm, it'd elm 

Pyrus amcncana, mountain ash 

Ainu* mollis, downy green alder 

Alnus incans, speckled alder, hoary alder 

Cornua canadensis, dogwood, bunchberry, dwarf cornel 

Cornus sueeica, dogwood, no other common name 

Cornua eircinata, dogwood, rotmd-leafod dogwood 

Cornus atxicea kinnilanmk, silky oorncl, dogwood 

Cornus stolon if era, red-osier dogwood, dogwood 

Bambucus canadensis, common elder 

Sambueus racemosa, red -berried elder 

Amelanehicr canadensis, service berry, shad bush 

Taxus canadensis, American yew, ground hemlock 

Rlutmmu atm/oha, buckthorn 

Viburnum Opulus, arrow-wood, high-bush cranberry, red berry 

Viburnum paucifloruno, squash berry 

Corylus americana, hazelnut 

Spiraea sahei/olia, meadow sweet 

Myrica Gale, sweet gale 

Symplo carpus foetidus, skunk cabbage 

Gaylussacia dumosa, dwarf huckleberry 

Gaylussacia baccata, black huckleberry 

Vaccinium pennsylvanicum, low sweet blueberry 

Vaocmium canadense, sour-top, velvet-leaf blueberry 

Aster lateriflorufl, aster 

Cryptogranmm Btellen, rock brake 

lyedum dilatatum, Labrador tea 

Chamaedaphno oalyculata, leather leaf 

Sphagnum, many species, bog momm 

Cladoma rangiferina, reindeer moss 

Univubsitv of Michigan 
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CHIE* REFERENCE MAPS USED IN STUDYING THE REGION 

1 Carto Rtgionale du Lao St-Jt an, Compronanfc loa Cantona Arpentca, D6- 

partemcnt do Colonisation, dea Mines, et des PAchenea, Quebet, 192% 
1929 

2 Roberval Sheet, Sheet 34, Standard 1 opographical Senes, Natuial Resources 

Intelligence Service Dept Int , Ottawa, 1929 (not contoured) 

3 Map of Saguenay Division, Prtcf Brothers & Company, I td , Chicoutimi, 

1929 

4 Resource ami Railroad Map part of Qut bee Pro\ ince, Natural Resources 

lntt Ihgt net Sorvict Dipt Int , Ottawa nd 

fi Th« Count us of Chicoutiim ami 1 ak< St John, Province of Quebec, J F 
Grcnon, Chuoutmn, 1928 

6 Railway Map of SouthtawUrn Canada, National Development Bureau, 

Dept Int , Ottawa, 1930 

7 Automobile Roads b< tween Canada and the United StaUe (Atlantic Sheet), 

Natuial Resources Intelligent e Strvitt, Dtpt Int , Ottawa 1930 

8 Canoe Routes from L St John to L Mistassini, Nataral Resources Intel- 

ligence St rvice, Ottaw a, nd 

9 Carto Routine et founstiqut de Quebec Provinct , Mimstre de la Voire, 

Quebec, 19.12 

10 Roborval, Lake St John County, Quebec, Map 184A, Geological Survey of 
Canada, Ottawa, 1916 (not contoured) 
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TIIE BLACK HILLS OF SOUTH DAKOTA 
AND WYOMING* 

OTTO F t.UTIR 
Introduction 

I YING more than one hundred miles east of the Rocky Mountain 
J ranges the Black Hills rise from the gently rolling surface of the 
Northern Great Plains as an isolated mass of forested hills or low 
mountains (Map 14) 1 Distinct from their surroundings, the Hills 
have an insular quality which gives them an easily recognized 
regional unity Basic to this unity is the relief of the area High 
plateaus and peaks rise four thousand feet abon the surface of the 
plains (Map 15 A) Their slopes support dense stands of pine, whit h, 
m contrast to the adjoining steppes, reflect the greater precipitation 
and more moderate temperatures of the higher elections 2 The 
insularity of the area is enhanced by the character and arrangement 
of occupance forms Mining, ranching, lumbering, and recreation 
have combined to produce a distinctive cultural impress within the 
region 

The regional design of the Black Hills is composed of gross 
features which emerge from the blending of an intricate detail The 
concentric arrangement of rock structure and surface features around 
the core of the eroded dome is the basis for the development of the 
major outlines of the region (Map 15 B), and the radial drainage 
pattern of consequent streams forms the skeleton for much of the 
detail of the regional scene (Map 16 B) The correspondence )f the 
various elements of the landscape of this area with these major and 
minor lineaments can be brought out only by analysis 

* The field work for this study was carried on during the summers of 1 930, 
1931, and 1932 

1 The Black Hills he surrounded by the unglaoated Missouri Plateau section 
of the Great Plains province of the Interior Plains of the United States Stc 
Jenneman, N M , P kymography of Western Untied Stales (New York, 1931), map 
1 The Black Hills lie near the intmior eastern edge of the BSk climatic region 
Some stations withm the Hills have Dfb conditions See Kdppen, W » Ormdnes 
dsr Khmakund* (Berlin, 1931) pp 128-129 
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The Physical Background 

The physical background upon which the forms of occupance 
within the Black Hills have been impressed may be resolved into its 
significant component parts the surface features, the drainage, the 
soil, the native vegetation, and the climatic characteristics By 
close examination of the maps which accompany the text the corre- 
spondence of the various pat- 
terns of the physical background 
should become strikingly evident 

SURFACE FEATURES AND 
DRAINAGE 

Geologically, the Black Hills 
are of a dome structure The 
main uplift is flattish on top, 
steeply sloping to the east, but 
dipping gently to the west (Fig 
6) Its elliptical outline is ac- 
centuated by a secondary doming 
m the northwest Mature erosion 
of the main uplift has exposed 
a crystalline core characteristic 
of such structures (Map 15 B) 
Limestone strata partly mask the 
more elevated portion of the 
dome, and differential erosion of steeply dipping strata has formed 
a characteristic ouesta inclosing an inner lowland (Fig 6, Map 15 B) 
The radial drainage pattern has resulted in the orientation of minor 
features at right angles to the gross features Because of this great 
diversity of surface configuration it is possible to recognise several 
distinct divisions 





The Interior Bonn 

The rugged surface of the Interior Basin, which has in some 
places a maximum relief of about a thousand feet, lies slightly east of 
the axis of the main dome of the Black Hills (Maps 15 A, 16 A, 
Fig 6) This basm corresponds in areal extent with the exposed 
crystalline core, its maximum length is some 60 miles, and its width 
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* M<p15 B 

From a drawing by J H Renshawe and O \ Ljungstedt Central Black H\U* Folio V S OeoL Sun , Geol Folio 219, p 
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in no place exceeds 24 miles (Map 15 B) Three distinit typos of 
surface configuration may be recognized The first is a surface of 
high relief, underlain by a complex structure of granite, pegmatite 
dykes, and quartzitic schists Granitic knobs and pinnadts domi- 
nate the scene, with their bare slopes rising almost perpendu ulariy 
from narrow ravines (Map 16 A) 3 this type of surface lies m the 
southeastern part of the Basin and culminates m Harney Peak, 
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Fki 0 See Map 16 A for the location of this cross-section The exact cross- 
section is based on data from the V 8 Geol folios 127 and 219 The general 
ized cross-section is simplified by the omission of noncharact eristic forms 
and some of the deeper valleys 

which has an elevation of 7,240 feet (PI LXXVI, Fig 1) The 
second, a surface of slight relief, underlain by weak slates and schists 
and charactenzed by mature ridges and broad, shallow, mature 
valleys, is found where the more active streams have not yet suc- 
ceeded in cutting back into the surface formed during an earlier 
erosion cycle (Map 16 A, PI LXXVI, Fig 2) 4 The third, adjoining 
Rapid 0 reek, Whitewood Creek, and their tributaries, is a surface of 
high relief, also underlain by weak rocks, but deeply cut by vigorous 
youthful streams High on the valley gides are shoulders which are 
remnants of the earlier cycle (Map 16 A) 5 In general, the drainage 
lines cross at right angles to the axis of the Basm (Map 16 B) 

* Hovey, E C, “Erosion Forma m the Harney Peak District," BuU Oeol 
Soe Am, 11 r >82 1900 

4 Fillman, I , “The Ccnezoic History of the Northern Black Hills," Sfowhe* 
in Nat Hint , University of Iowa Studten, p 23 1929 See also Fcnneman, 
op ett , p 85 

• Mansfield, G R , “Post-Pleistocene Drainage Modifications in the Black 
Hills and Big Horn Mountains," BuU Harvard CoU Mas Comp Zool , 49, 
No 3 58-87 1906 
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Fifeld data were compiled on maps of the scale t 125 000 

Data compiled from U S Geol Surv topographic maps of the area The dates of preparation of the individual quadrangles vary 
greatlv, so that there may be some slight error in representing the intermittent character of streams 
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The Limestone Plateau 

Encircling and rising in places above all but the highest peaks 
of the Interior Basm, the Limestone Plateau presents a bold infacmg 
escarpment averaging five hundred feet m height The surface of 
the Plateau is not level, but slopes at first gently, then more steeply, 
toward the surrounding inner lowland (Maps 15 A., 16 A, Fig 6) 
It is deeply dissected in its narrower parts by the streams which 
radiate from the center of the dome Beveling of Paleozoic rocks 
has produced a banding of outcrops which may be seen as one passes 
from the Basin directly across the Plateau A broad stretch of 
Pahas&pa limestone is followed by an equally wide band of sand- 
stone, but on the outer edge of the Plateau is the outcropping of 
resistant Minnekahta limestone, whioh forma a definite, although 
subdued, cuesta (Map 15 B) * To the west of the Intenor Basin the 
Plateau has a gently rolling surface related to the cycle of erosion to 
which reference has already been made (Map 16 A) 1 Elsewhere, 
although the older surface may still be seen on the fiattish inter- 
fluves, deep gorges with vertical walls, in many places six hundred 
feet high, have given to the surface a very rugged appearance (PI 
LXXVII, Fig 1) Where the dip is steep the outer edge ts well 
marked by the cuesta of Minnekahta limestone, which is a con- 
spicuous feature " the outflowing streams Invanably cut 
through it a V-shaped gateway, making in the interstream spaces 
crescent-shaped scarps of the 30-foot limestone over the soft red 
sandstone that underlies it The outer slope of the jointed limestone 
is usually washed bare and on the inner side of the Bed Valley 
[Inner Lowland] forms what has been aptly called a tessellated 
pavement” (Map 16, A-B) • 

The Inner Lowland 9 

An outcropping of weak Triassic red shale has been eroded to 
form the Inner Lowland 10 which surrounds the Limestone Plateau 

1 The sedimentary rocks outcropping in the Umeetone Plateau range from 
the Upper Cambrian through the Penman Series The Pahasapa limestone i a of 
Mteiseippian age The sandstone bed* are Pennsylvanian, whereas the Mrnne- 
kahta limestone is of Permian (7) age * Fillman, op cU, p 21 

1 Jaggar, T A , Jr , JSeonomte Resources of the Northern Block HiUs , Part I — 
General Oology, U 3 Geot Surp , Prof Paper jW, pp 16-17 1904 

* This Lowland was called the “Race Course" or “ Raceway" by the Indians 
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and is given a distinct outer boundary by the infacmg escarpment of 
a prominent cuesta (Maps 15, A B, 10 A, Fig 6) This Lowland is 
interrupted at only one point, in the southeastern section of the 
Hills, by Tertiary uplands which extend from the Plateau on to the 
plains as uneroded remnants of extensive deposition (Map 16 A) 
In width the Lowland vanes from less than one mile in constricted 
portions to more than ten miles near Sundance 1 he major streams 
issue forth from the canyons of the Limestone Plateau and flow 
directly across the Lowland, escaping to the plains through water 
gaps m the cuesta (Map 16 B) As a result the floor of the Lowland 
is not flat, but is made up of a senes of drainage divides, which are 
partly dissected by subsequent streams and separated by the broad 
alluvial flats of the consequent drainage lines Three types of sur- 
face may be noted within the Lowland The first is the level land, 
including the alluvial flats and a few extensive terraces some fifty 
feet above these flats (Map 16 A, PI LXXVII, Fig 2) The 
second is composed of the hilly interfluve areas, surmounted in the 
northern portions of the Lowland by many flat-toppod remnants of 
high terraces (Map 16 A, PI LXXVII, Fig 2) Ihe third, con- 
sisting of several areas of highly dissected land, gives a typical 
badland surface (Map 16 A) 

The Outer Rim 

A prominent cuesta, which rises conspicuously from the adjoining 
plains, forma the Outer Rim of the Hills (Map 15 A) It is underlain 
by resistant sandstone rock of Cretaceous age (Map 15 B) 11 and 

of the region, but was termed the "Rod Valley** by geologist* Geographically 
the latter term w unsatisfactory because large artas within the Lowland do not 
exhibit red aoil or red shale outcrops Portions of its inner edge arc underlain 
by limestone, and some of its outer edges are formed on Jurassic bods m which tho 
red color is lacking 

** See Richardson, G B , "The Upper Red Beds of tho Black Hills,*' Joum 
Owl ,11 365-303 1903 

4 The restetant strata of sandstone which form tho cliffs and upper surfaces 
of ihe Outer Rim are of Low cr and Upper Cretaceous age and are the same beds 
that are exposed as hogbacks along the Rocky Mountain trout Sec Darton 
N H , "Comparison of the Black Hills, Big Horn Mountains and Rocky Moun- 
tain Front Range," Bull Geol Soc Am , 15 879-448 1904 Usually the outer 
boundary of the Rim is along the contact between the Dakota sandstones and 
the shales underlying the plains, but exceptions occur For instance, the sandy 
beds of the Grancros formation (dominantly a shale) at times nse with sufficient 
prominence and are closely enough associated with the IIiUs in aspect to be 
included within ihe Outer Rim 
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presents an escarpment, in many places 600 feet in height, overlooking 
the Inner Lowland The steeply dipping strata on the eastern and 
southwestern sides of the dome have given this Rim a hogback 
appearance with narrow lateral extent (Map 16 A) Elsewhere the 
more gentle dip has allowed broad back slopes, m places deeply 
cut by streams, which have formed wide valleys between flat-topped 
interfluves (Map 16 A) Gullying by resequent streams is at some 
points pronounced, and the cuesta is broken into many segments by 
the water gaps of the major streams (Map 16, A-B) North of the 
Tertiary intrusion which formed the Warren Peaks the cuesta is 
aligned in relation to the secondary dome which occurs m the 
northwestern section of the Hills A 500-foot escarpment forms the 
western edge of the Bear- Lodge Mountains and overlooks the Upper 
Belle Fourche Rn er Basin From here the cuesta dips to the east and 
merges with that portion aligned to the mam mass of the Hills 
Other divisions, not arranged concentrically with regard to the 
mam dome structure, occur withm the region and must be discussed 

The Upper Belle Fourche River Basin 
"The valley of the Belle Fourche has been eroded m the flanks 
of a broad uplift In fact the rocks removed to form the valley 

hardly interrupt the gentle sweep of the skyline as one follows the 
profile of the land ” 11 The present intrenched valley of tho Belle 
Fourche with its low terraces is bounded on tho oast and west by high, 
dissected, terraco-like ridges, which are broken into flat-topped 
segments by the deep valleys of the streams tributary to the river 
Between these ndges and the escarpments of the Outer Rim east of 
the Basin is a zone of steeply sloping land, intermediate in elevation 
and dissected by deep youthful valleys (Map 16 A) The drainage 
of the Basin is characteristically dendritic, and the interfluves send 
out narrow fingers between the tributary valleys (Map 16 B) 

Isolated hills and peaks formed by Tertiary intrusions 
The isolated hills and peaks formed by Tertiary intrusions are 
localized in the northern Hills (Maps 15 B, 16 A) 11 They are, 

” Russel, I C, “Igneous Intrusions in the Black Hills/’ Joum Oeol , 
4 84 1896 

11 Many of the intrusions are so minor or so far advanced m erosion that they 
blend into the general surface of their surroundings and aro not treated in this 
division 
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apparently, all of Iaecolithic structure 14 In some the intrusiv e rock 
has become exposed by erosion, in others the sedimentary capping 
rocks e till remain The dominating Warren Peaks, the Missouri 
Buttes, Devil's Tower, and the Black Buttes are included within this 
division 

Uplands of Tertiary deposition 

Remnants of Tertiary deposition cover small areas in many parts 
of the Hills, both in the older valleys and on the ndge tops l he 
gr< at< st area of such deposits, however, is m the southeastern portion 
of the Hills extending from the Interior Basin on to the Plains 
(Maps 15 B, 16 A) Tentacles of these sediments stretch into the 
Hills along the old drainage lines and occupy saddles which lead to 
the Interior Basin They reach their greatest breadth just outside 
the Limestone Plateau, where they form flat-topjied ridges inter- 
rupting the continuity of the Inner Lowland 

Drainage characteristics 

The streams, which ha\e introduced the detail into these illu- 
sions, gain in volume as they flow through broad, shallow valleys 
near their headwaters As they descend through deep gorges to the 
level of the Inner Lowland, much of the original flow seeps into 
porous sandstone rock, which forms an artesian reservoir for the 
surrounding plains Crossing to the Outer Him, they reach tho 
Plains through water gaps, but here, also, the sandstone strata 
underlying the Outer Rim greedily takes as much of the remaining 
flow as possible, so that many streams disappear from the surface 
The streams of the northern Hills are larger and more constant than 
those to the south Even the larger valleys in the south exhibit dry 
stream beds dunng several months of the year The Belle Pourehe 
and the Cheyenne rivers encircle and seem to hold the Black Hills in 
their clasp, secure because of the extending tentacles which rendi 
into the very heart of the region (Map 16 B) 

The mold 

The major lineaments of the surface, recognizable in the preceding 
divisions, form the gross features of the mold to which the bioad 

“ Bee Jn&gar, T A , Jr , apd Howe, E , “The Laccoliths of the Black Hills,' 
U & (hoi Sure , Twenty first AnnuoZ Report, Part III 163-303 1001 
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distributions of the significant forms of the landscape of the Black 
Hills are shaped The drainage pattorn, a more detailed part of the 
design of this mold, is the unifying bond for the areally less im- 
portant, but nevertheless striking, details of the areal scene 

01 III- It LLEMENT8 OK III K PHYSICAL BACKGROUND 

Ihe patterns of soil, native vegetation, and climate show a dis- 
tinct tendency to conform to the design of the mold This cor- 
respondence is most striking in the case of soil, less so in respect to 
the native vegetation, and least noticeable, except for the broader 
aspects, in respect to climate 

Soils 

Ihe distribution of the edaphic conditions is genetically related 
to the surface configuration and to the distribution of the significant 
features of the geognosy of the area Of greatest areal importance 
arc the residual soils which are found on the interfluves These soils 
are arranged concentrically around the exposed core of the mam 
uplift and, in detail, around minor doimnga within the region 
Being immature, they vary greatly in composition and texture, since 
they are a reflection of the underlying geologic materials 11 Where 
it is of sufficient depth, the soil derived from the crystalline and 
limestone nicks is highly productive That derived from tho sand- 
stone is of too coarse a texture and is too easily eroded to be widely 
cultivated Ihe shale, especially that of the Inner Lowland, has 
weathered to a clayey loam, generally too compact to favor tillage 
It can be worked only under a closely restricted range of moisture 
conditions, so that crop yields on it vary greatly from year to year 
In the swales, where moisture is more reliable, cultivation is gen- 
erally successful 

Alluvial soils, forming narrow bands along most of the streams, 
broaden in lateral extent where the major streams cross the Inner 
lowland They are distributed, therefore, in a radial fashion in 
accordance with the drainage pattern It is on these sods that agn- 

“ It must be kept in mind that ‘'when the strata comprise alternating beds 
of different material*, such as shales and sandstones alternating with limestone, 
there are abrupt transitions in the resulting soils, which may differ widely in 
composition and agricultural capabilities in sones that lie side by side and are 
too narrow to map ” See Darton, N H , Central Black Hill* Folio, V 8 Oeol 
Surv , Geol Folio $19, p 32 1925 



The Black Hills 353 

cultural production reaches its greatest concentration, especially 
where irrigation can be practiced 

Ihe pattern of the natne vegetation shows a close correlation 
with these distributions but also reflects in a more general way the 
varying aspects of climate 

Native vegetation 

The vegetation of the Black Hills is composed of elements which 
are now largely disjunct s, with the exception of the flora character- 
istic of the Great Plains 18 During earlier periods plants from the 
west, east, north, and south advanced into the Hills, and now remain 
associated together within the region, but separated from their re- 
spective areas of widespread occurrence 17 

The three major vegetational climaxes of the United States - 
grassland, scrub, and forest — present a very definite pattern within 
the Hills Ihe Interior Basin is dominated by medium to dense 
stands of western yellow pine ( Pmus ponderosa scopulorum) associ- 
ations The higher portions of the Limestone Plateau are similarly 
covered (Map 17 A) Sev eral types of breaks occur m this pine forest 
Some align themselves with the streams and follow the drainage pat- 
terns rather closely where the valleys are broad and shallow A 
aonation from willow and prairie grassland along the streams gives 
way to an aspen {Populun tremuloides) growth bordering the dense 
stands of pme on the ridge slopes (PI LXXVI, Fig 2, PI LXXVIII, 
Fig 1) Breaks of another type are locally extensive So-called up- 
land praines, such as the Reynolds Praine, are grasslands of the 
mixed praine association entirely surrounded by forest (Map 17 A) l * 
A third type of break is seen in the large burns, which are a common 
sight in the mtonor (Map 17 A, PI LXXVII, Fig 1) 

On the outer lower slopes of the Plateau bordering the Inner Low- 
land sparse stands of pme and scrub growth are characteristic The 
Inner Lowland itself is conspicuous because of its grasslands (PI 

w Shantt classifies the native vegetation of the surrounding plains within 
the Short Qraas (plains grassland) division See Shant*, H L , and Zon, R , 
" Natural Vegetation/' Atlas of American Agriculture, V S Dept of Agnc 
Part I, See E, maps 1924 

If McIntosh, A C , 11 A Botanical Survey of the Black Hills of South Dakota/' 
The Black HiiU Engineer, 19 198 1931 
*« /but , p 207 

** Jenny, W P , and Newton, E M , Report on the Geology of the Black BiU* 
of Dakota, U S (hog and (M Sure (Washington, 1880), p 322 




be legend indicates dominants in associations which are conspicuous in the landscape Differentiations are based on striking contrast 
in visual aspects. The distributions are generalised from field data placed on maps of the scale 1 125 000 

ata com paled from Chmatalagtcal Data for Hu Untied State* by Sectum* ( L S Department of Agriculture Weather Bureau) with the a\erag 
determined through the vear 1930 for most stations 
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LXXVII, lig 2), but it is hemmed in by the scattered, gnarly stands 
of western yellow pme which cover the higher portions and the back 
slopes of the Outer Rim To the north bur oaks ( Qvercun macrocarpa ) 
become codominant with the pine, especially in the Upper Belle 
Lourche River Basin (Map 17 A) 

Characteristic transitions can be recognized on the valley floors 
as one proceeds from the plains toward the headwaters of the major 
streams First are seen the cottonwoods, which form narrow belts 
rising conspicuously abo\ e the steppe of the plains and of the Inner 
I/Owland Many hardwoods, such as oak, ash, and elm, form dense 
stands at the entrances to the canyons cut in the I imestone Plateau 
In the more nigged portions of the Hills aspen and paper birch 
{Betuia papynfera) choke Ihe narrow valleys, but grasslands and 
willows border the streams which meander through the broader val- 
leys Near the headwaters of these streams spruce (Puea camdenmn) 
covers the north-facing slopes and may oxtend down to the immediate 
striam bank (Map 17 A) The detail in the distribution of the vege- 
tation corresponds, therefore, with the drainage pattern and its 
relation to the minor foatures The variations in soil characteristics, 
so closely related with surface, show marked relationships with 
vegetation distributions, cspeciallj along the boundaries between 
recognized associations The fine, deep soils and clays an usually 
devoid of tioe growth, as in the Inner Lowland Biindy or rocky soils 
tend to support trees if climatic conditions allow, as on the slopes of 
the Outer Rim and the rocky lower slopes of the Limestone Plateau 20 

Climate 

The general features of the climate of the Nortlurn Great Plains 
show the Black Hills to bo climatically distinct from the surrounding 
steppes Outside the Hills conditions are definitely stmiand, in the 
interior of the region humid conditions of equal distinctness are 
found Hence, tho climate of the area may be characterized as a 
transitional zone through which more and more humid conditions 
are noted as tho center of the Hills is approached 

Over 75 per cent of the annual precipitation takes place during 
the growing season At Belle Lourche, the station having the least 
average annual rainfall for the surrounding area, the total preupi- 

« Hayward, H E , “Studies of Plants in the Black Hills of South Dakota/ 
The Botanical QateiU, $0 399-400 1928 
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tation is 14 54 inches The maximum recorded average annual 
precipitation, 25 98 inches, occurs at Lead (Table I) The general 
rainfall pattern, as indicated by lsohyets of average annual rainfall, 
tends to present a roughly elliptical shape, although offset to the 
northeast A marked concentration is shown in the northeastern 
portion of the Hills (Map 17 B) The effect of this distribution is 
seen in the flow of streams as well as in the density of forest growth 

Elevation and forest cover dimmish the annual temperature rang© 
and the length of the growing season The ranchers and the National 
h orest Service recognize three zones The highest, lying between 
6,000 and 7,000 feet, primarily upon the high Limestone Plateau west 
of the Interior Basin, has a three-month growing season, and agricul- 
ture is earned on with difficulty Only the hardier grains and timothy 
hay can be grown Most of the remainder of the upland area is 
included within the second zone, which lies between 4,500 and 6,000 
feet Here the growing season is about four months long and allows 
the more successful cultivation of small grains and vegetables The 
third zone lies below 4,500 feet and extends on to the plains The 
growing season is at least four and one-half months long, and all com- 
mon grains, vegetables, and even corn can be grown 

Although a general correlation between vegetation and climatic 
distributions undoubtedly exists, in detail it seems to be largely 
overshadowed by variations in the edaphic conditions Great vari- 
ability in precipitation from year to year, coupled with the short 
duration and the irregularity of weather observations at most of 
the widely spaced stations withm the area (Table I), do not allow 
one to draw conclusions regarding the relationships of climate and 
vegetation 

The physical background of the region, thus analyzed, was the 
setting which the incoming population of the Black Hills occupied 
and changed The patterns resulting from this occup&noe complete 
the areal scene 

The Cultural Impress 

The entrance of man into this area has brought modifications 
m the details of the regional design, but the gross features remain 
unchanged The first white settlers were attracted by the reports 
of gold, and before long placer and lode mining dominated the early 
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cultural scene On the heels of the miners came the ranchmen, 
followed almost immediately by the lumbermen, txith groups eager 
to furnish the miners with supplies At first these modes of occu- 
panco were closely interdependent, but they ha\e since expanded 
beyond their original restricted contacts More recently tourists 
have introduced ri creation The widespread expansion of settle- 
ment characterizing the early years had proved much of the area 
unsuitable for ranching and mining, and abandonment of the poorer 
sites took place (PI IAXVIII, Big 2, PI LXXIX, Big 1), with a 
consequent concentration on the better areas 

THE COURSE OP BMTLhMJ'NT 

The course of settlement of this region by white people covers 
only a bnef span of some sixty years, but during this tune several 
different modes of occupance have guided the settlement through 
successive periods of prosperity and decadence The great wave of 
immigration into the Hills began m the kte fall of 1875 and the 
spring of 1876, with Custer, the original discovery location of gold, 
as the objective point At this time the population of the town was 
from 6,000 to 10,000 people 41 In the late spring of 1876 rich placer 
discoveries in Dead wood Gulch in the northern Hills emptied Custer 
of all but fourteen people Dead wood, the center of activity in the 
northern Hills, sprang into prominence Other mining camps ex- 
perienced penods of hectic prosperity, but most of them are today 
abandoned or even obliterated The main routes by which supplies 
reached these early prospectors were northward across the plains 
from the railroad stations of Sydney and Cheyenne, or westward 
from Bismarck and Bort Pierre (Map 14) n 

Soon after this rapid increase of mining withm the interior of 
the Hills the spread of settlement was directed outward to the Inner 
Lowland and the skirting plains Ranching became an important 
activity with hay cultivation and grazing of livestock dominant, 
and with the mining towns serving as markets borne of the more 
important entrance towns to the Hills obtained their start at this 
time Rapid City, Spearfish, and Sturgis were established in 1870- 
77 (Map 16 A) 

“ Tallent, A D , The Black HtlU (8t Jvouis, 1899), 14(M41 

“ Ayrcfl, G V , * Early Transportation" The Black H%IU Knmneer, 18 12*18 
1930 
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The population dependent upon ranching has show n fluctuations 
similar to those characteristic of all western bouth Dakota Increases 
and decreases are related in tunc with variations in rainfall In 1880 
the population of the Black Hills and the closely adjoining plains 
was 16,726 The great boom period of settlement in the rest of Bouth 
Dakota nearly coincided with the first years of expansion in the Hills 
— years of more than aurage rainfall There followed a senes of 
droughts from 1886 to 1897, uid during this time Custer, Tall River, 
and Pennington counties, comprising a large part of tho region, all 
expenenced decreases in population Well-established towns on the 
outskirts of the Hills showed similar decreases, as indicated by the 
accompanying table I'luctuations in the mining population cannot 
be correlated with those of ranching art as, as is evidenced by the 
continued growth of l^ead and Deadwood, supported by tho booming 
mines of that piriod (lable II) 


County 
Custer 
Fall Hi vi r 
Pennington 


1000 1890 
2728 4891 
3547 4478 
5610 6540 


Town 
Rapid Cit> 
Herirmsa 
Hot Spring* 
Newcastle 
Sundance 


1900 1800 
1342 2128 
77 172 

H19 1423 
756 1715 
294 51 > 


The decline in population described for the outskirts of the Hills 
was followed dunng the next decade by a rapid increase This 
growth was probably due in part to a senes of “wet” years and m 
part to the increased development of railroad communication and 
the resulting breakdown of isolation It is tme that railroad con- 
nections with the Black Hills were established by 1891 Two lines, 
one from the south proceeding directly through the center of the Hills 
and one skirting the eastern edge of the region, reached Deadwood m 
that year (Map 18 A) Towns, such as Piedmont, Whitewood, and 
Newcastle (Map 18 A), were bom with the advent of the railroads at 
those points Ihe great impetus for development came in 1907, how- 
ever, when the Chicago and Northwestern and the Chicago, Minne- 
apolis, and St Paul entered Rapid City from the east (Map 18 A) u 
From this time on Rapid City was definitely the trade center of the 
Hills and the focal pmnt for all traffic eastward (PI LXXIX, Fig 2) 

M See Board of Railroad Cotnmtestoners, Stale of South Dakota, Annual Reports 
beginning 1889 
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* Incdudt* the present Fall River Gouty t InHiidse portions of Butte, Meade and Peiuunctoo counties. 

D*U from Census of tke Untied State* \oe. 10-io, t inted States Department of Commerce, Bureau of the Census 
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The urban populations of the well-situated towns advanced during 
the docade from 1910 to 1920 (lable II), probably in part as a result 
of this better transportation and an increase in trade, but the rural 
population decreased The ranchers experienced three years of 
drought near the first of the decade and rocogmzcd the advantages 
of onlarged farms, the application of dry farming methods, and an in- 
crease of stock grazing M During the same period the mining centers 
of Lead and Dead wood showed marked declines, for many of the 
large mines of the area were closed down 

Lrom 1920 to 1930 tourism assumed truly significant proportions, 
and nation-wide advertising, coupled with a series of “wet” years, 
attracted many to the Hills With the development and improve- 
ment of roads the population increased rapidly in both rural and 
urban areas (1 able II) 

THE PRESENT MSI RXBC7T10N8 OF PEOPLE AND ROADS 

The present pattern of population distribution has emerged from 
the flow of these fluctuating numbers over and around tho features 
of the physical background The larger population agglomerations 
are now at the chief commercial foci or at the mining centers Of the 
42,000 inhabitants withm the Black Hills 29,000 live in agglomera- 
tions (Table III) The remainder of the population is widely dis- 
persed (Map 18 B) In some parts of the Hills many miles separate 
the individual homesteads, and the distance is magnified by the 
difficulties of communication The ultimate of this pattern of dis- 
persal is the lone prospector living in his cabin in a secluded gully, 
or the solitary rancher who is content with his small plot of potatoes, 
a few head of cattle, and the lumber which his homesteaded land 
provides This dispersed population is united with the population 
nuclei by roads which converge on the focal points and present a 
loosely woven mesh covering the surface (Map 18 A) Mam roads, 
carrying more than average traffic, are graded and usually surfaced 
These express the mam artenes of travel, whereas secondary roads 
are traveled less frequently and are merely graded The pattern is 
complicated by other roads of lesser importance, which are ungraded 
and are used only by the more dispersed population 

Within the Interior Basm the population has a total density of 

* VUher, 8 8 , “The Geography of South Dakota, 1 ” South Oak Otd and 
Nat IM $urv Bull 8 189-162 1918 
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Areas with no data available have very few people The placement of dots was controlled b\ field work 
general knowledge of the area, and close study of the L S Geol Surv topographic maps 




Quantitative Analysis of Population Distribution 
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Population data taken from maps compiled from statistics of the Centos of the l mted States, No 15, United States De- 
partment of Commerce, Bureau of the Census 
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16 4 per square mile, but outside the agglomerations the density 
per square mile is only 4 3 (Table 111) There is a tendency toward 
concentration on the broad parks or in the narrow confines of deep 
valleys Mining clusters have grown up in striking contrast to their 
scantily populated surroundings (Map 18 B) Roads reach the Basin 
by direct routes across the encircling plateau, and most of them are 
aligned north-south within the division itself Generally speaking, 
they retain their routes within the valleys as much as possible, 
traversing the ridges only ui order to reach adjoining valleys (Maps 
16 A, ISA) 

On the other hand, the Limestone Plateau has a highly dissemi- 
nated population, with a density of only 1 5 per square mile Large 
areas are too high for successful cultivation, and much of the Plateau 
is relatively inaccessible There is, however, a tendency toward 
concentration along the outer margin of the Plateau, where the slope 
is gentle and where the soil is derived from the Minnekahta limestone 
(Map 18 B) The alignment of roads is a reflection of their function 
of connecting the outskirts of the Hills with the population agglomera- 
tions of the Interior Basin 

Within the Inner Lowland marked population clusters are found 
on or bordering the flat areas of alluvium or, in a few areas, on the 
lower terrace deposits which can be used for agriculture Small 
towns, foci for the surrounding ranchers, are located at points where 
the major streams cross the Lowland (Map 18 B) The predomi- 
nance of an agglomerated population is shown by the fact that the 
total density per square mile is 31 1, whereas that of the dispersed 
population is only 4 8 per square mile Mam roads, which almost 
encircle the Hills, confine themselves to the gently rolling plain, 
southeast and west of the region, but traverse the Inner Lowland to 
the northeast, north, and south, where extensions of the Hills would 
otherwise cause marked deflection from the east-west line of travel 
and where easy access from the east is obtained by way of the water 
gaps The road pattern, unlike that in the rest of the Hills, is rec- 
tangular at a few points within the Lowland (Maps 16 A, 18 A) 

In contrast to the Inner Lowland the steeply sloping eastern 
portion of tbe Outer Him is practically uninhabited, but to the west 
the broad valleys and flat-topped ndges are the sites of many ranches, 
which explain the population density of 2 2 per square mile (Map 
18 B) The ranchers of this division are served by the small towns 
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of the Inner Lowland or by those on the adjoining plains Most of 
the chief roads cut transvirsally across the Outer Rim, following 
either the valleys or the ridge tops 

In the Upper Belle tourche River Basin the majority of the 
ranches are m the valleys The focus of the area is Hulett (Map 
18 B) It is toward this center that the roads converge Finally, 
on the Uplands of Tertiary deposition there are a few ranches where 
water is available and the soil suitable for agriculture 

Beyond the outer margin of the Hills the scarcity of water and 
tho character of the sod results in a concentration of habitations 
along the streams or near the water supply offered by artesian wells 
I he marked concentration of the rural population cast of the region 
may be correlated with the abundance of water descending from the 
Hills and with the existence of terrace deposits which cover the gumbo 
clay The effect of the Government irrigation project east of Belle 
Fourche is seen on the map of population distribution (Map 18 B) 
Rectangularly of road pattern on the plains is common, but a general 
convergence of routes toward the main entrance towns of the Black 
Hills is discernible (Map 18 A) 

Concentration of agglomerations in the eastern portion of the 
region is associated with several facts it is here that the mines are 
located, water is abundant, the main tides of settlement advanced 
from the east and south , markets lie to the east, and railroads lead in 
that direction A striking correlation between the distribution of 
railroads and population centers is apparent towns distant from 
the railroads are showing definite signs of retrogression, whereas 
Rapid City at the railroad focus of tho region is the largest agglomerar 
tion of the Hills 


THE MODES OF OCCUPANCE 

Four modes of occupance have reacted on the regional scene 
mining, ranching, lumbering, and recreation Though there has been, 
as we have indicated, something of a succession of these modes in 
time, yet all of them survive and are still active in one part or another 
of the Hills Each group of people, with its individual mode of 
occupance and in accordance with its own necessities, has sought out 
and utilized quite different elements of the physical background 
One has made use of the rich ores, another, the plentiful supply of 
timber, another has brought about the settlement of areas favorable 
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Map 19 For explanation of maps see bottom of opposite page 
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for agriculture, and still another has recently developed the utiliza- 
tion of recreational advantages offered by the Hills tt Sev erol distinct 
patterns result Each of these is a generalization of the distribution 
of the specific forms resulting from one mode of occupance Yet from 
the blending of all these patterns impressed upon the physical back- 
ground emerge those qualities and characteristics which give individ- 
uality to the occupance of the region In other words, the unity of 
occupance within the region may be resolved into its component 
parts 

Mining 

Mining is concentrated within the Interior Basin, where mineral- 
ized zones occur in close association with igneous rock which has 
been intruded into the pre-Cambrian or early Paleozoic rocks 
The massive granite and associated pegmatites in the southern Hills 
arc of pre-Cambnan age themselves However, in the northern 
Hills many of the mineralized zones are related to Tertiary in- 
trusions (Map 19 A) M Of relative insignificance, coal mining was 
concentrated within the Outer Rim near Cambria and Alladm (Map 

* Van Royen treats the occupance of the Black Hills under somewhat similar 
groupings See Van Royen, W, “De Black Hills' van Zuid-Daknta ten 
sub-buraied Eiland in een semmried Gobied,” Txjdschr v won Geographic, 
23 177 188 1932 

* Emmons, W H , “Relations of Metalliferous Lode Systems to Igneous 
Intrusions," Am Inal Mtn and Met Eng , Tram , 74 33 1926 See also 
Connolly, J P , and O’Harra, C C , The Mineral Wealth of the Black Hills, 
Bull id 270 South Dakota School of Mines, 1929 


EXPLANATION OF MAP 19 

A Data from J P Connolly and C C O’Harra, The Mineral Wealth of the Black 
HiUt, BuU id (South Dakota School of Mines, 1929), J D Irving Economic 
Resources of the Northern Black Hills, V S Geol Sun , Prof Paper $ 6 (1904), 
V Ziegler, “The Mineral Resources of the Harney Peak Pegmatites — I ’ 
Mining and Scientific Press, 108(1914) 004-008, E P Rothrock "Mineral 
Producers m 1929," Report of Investigations, No /, South Dakota Geol and 
Nat Hist Surv (1930), J M Hill, The Mining thntnds of the Western 
United States, U S Geol Aurv,Bidf 507(1912) 

B Placement of dots controlled by field data within the Black Hills, and from 
general knowledge and with the aid of the folios of the U S Geol Surv out- 
side the region 

C Data from H S Graves, "Black Hills Forest Reserve, * U A Geol Sun 
Annual Rep , Part 5 (1899), A B Hood, “Logging Operations In the Black 
Hills," The Black HtUe Engineer 16(1928) 120-136, National Forest 
General Maps of the scale 1 125,000 
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10 A) A horizon of bituminous coal occurs at or near the base of 
the sandstone formations underlying the cucsta 17 

1 he impress on the landscape of the Blaik IIills by mining is 
now partly erased, for tht majority of the mines, mills, and rail- 
ways lie idle or have been completely abandoned As late as 1904 
there were forty-eight lode mines producing gold, silver, and lead 
By 1910 the number had f then to eighteen In 1930 only two were 
actually in operation 28 One was the Homcstake mine, the largest 
producer of gold in the United States The other was a smaller 
working on claims at Keystone Mines yielding metals other than 
gold have experienced very irregular activity, but sovertl small mines 
in the vicinity of Keystone arc being worked at present 

The impresses resulting from this mode of oecupance are many 
In 1904 Jaggar stated that “railway branches and loops are now so 
numerous in the mining district as to form a conspicuous artificial 
feature of the topography, the same may be said of the innumerable 
tunnels and prospect holes with thur dumps jutting out from the 
steep gulch slopes, the size of (ho dump an index to the depth of 
the digging ” 29 At present these features remain merely as mute 
evidence of former widespread expansion and subsequent decline 
Many abandoned mining towns, such as Kochford, Galena, lerry, and 
Trojan, enhance the impression of decadence (PI LWVIII, Fig 2) 
Lead, however, is outstanding as an active mining center, for the 
Homc^take properties are concentrated in its eastern section and 
present a truly complex industrial scene The town itself has been 
narrowly restricted by the valley sides, where the houses, rising 
above one another, overlook the commercial art a (PI LXXX, 
lug 1) 80 

Placer mining, which had ceased in 1930, has since then rapidly 
increased In 1931 eighty- three claims were being worked 91 How- 
ever, the effect upon the landscape is slight The dispersed popula- 

IT Stone R W , Coal near Ike Black H\Ue %n Wyoming and bouth Dakota , 
U S GeoLSurv, BuU 499 l Si 1912 

” Henderson, C W , articles on gold, silver, copper, lead, and zint in South 
Dakota and Wyoming, m various numbers of U 8 Gcot Surv through 1923, 
continued as annual reports by the U 8 Bureau of Mines, Mineral Resource, 
Parti * ‘ Metals " 

*• Jaggar, op at , p 16 

M Guthe, O E , “bead and Rapid City," Pop Mich Acad Set , Arte and 
Lowers, 18(1932) 143-149 1933 
“ Henderson, op cti 



The Black HdL 369 

tion at one time dependent on this activity has now been replaced by 
ranchers 

Ranching 

The ranching pattern, iu> indicated by the distribution of crop 
acreage, ih tot illy different from th it of mining ( rop production 
is concentrated beyond the outer edge of the I lmestoiu Plateau on 
the relatively level ireas of the Inner T/owland and the adjoining 
plains, particularly on the broad alluvi il flats where nth soils can be 
irrigated 1 he moie rugged surfaces of the Outer Hun, the Plateau, 
and tht Interior Busin remain today only sparsely settled by ranch- 
ers (Map 19 B) 

1 here are three clue f types of ranches in the Black Hills the first 
has a large portion of its crop land under irrigation, the second is 
the largt ranch with extensive fields of grain, from which a surplus 
is obtainable when the maiket is fivorable and the third is the 
small ranch, where only forage crops arc giown, with occasional plots 
of potatoes Transitional types can, of course, be recognized Nearly 
all these ranches involve the raising of stock beef cattle or sheep 
on the majority of the ranches, but with an increasing specialization 
in dairy cattle on the irrigated lands near the laiger towns 

lhe ranches dependent on irrigation are localized on the broad 
alluvial flats of the major streams which flow out of the Hills The 
most noticeable content ration of them is on the eastern and north- 
eastern sides of the Hills, where permanent streams arc found Spear- 
fish Valley is the outstanding center for this type of ranching These 
lanchcs are not htniU d to the Hills, but extend to the plains 32 Iiri- 
gated fields are dominant and produce forage crops, such as barley, 
corn, and alfalfa, and also wheat and oats (Map 20 B, PI LAXYII, 
Fig 2) Small fields of vegetabhs, fruit, and sugar beets are also 
grown Apples are the chief orchard crop, sugar beets furnish part 
of th© supply for the Utah Sugar Refinery at Belle Tourche lhe 
irrigation projects within the Hills are privately owned, individually 
or cooperatively For instance, there are nine leads from Spoarfish 
Creek, and ten or twelv e ranchers cooperate m using ono ditch 

The large ranches with extensive umrngated fields of grain occur 
on the better sites for agriculture, on the outer margin of the Lime- 

* Present and proposed irrigation projects and power developments for this 
region are discussed in Cheyenne Bwcr, South Dak and Wyo ,118, 

1st jS'esnon, House Document No 190 (1932), map 11 
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stone Plateau, in the Inner Lowland, on some of the more level 
portions of the Outer Rim and the Upper Belle Fourche Basin, and 
on the adjoining plains Within the Inner Lowland the concentra- 
tion of cultivated land on these ranches is in the broad swales where 
moisture is available and on the low flat terraces where soil drainage 
is not too rapid for crop production The high gravelly torraces, the 
exposures of red shale or gypsum, and the highly dissected areas are 
avoided A few non forested ndges and valley broadening# on the 


A B 



Map 20 See Map 19 B for the locations of those areas 


Outer Rim west of the Inner Lowland are sufficiently extensive to 
support large ranches The chief crops grown are corn, wheat, and 
alfalfa, although m some areas oats and barley are important A 
large proportion of these crops is used for forage, but usually a 
surplus is available for shipment 

Ranches of the third type are relatively small and m nearly all 
places are restricted to the elongated areas within the greasy parks of 
the forested zone They are most widespread on the gently rolling 
surfaces of the Interior Basin and the Plateau (Map 19 B) Oc- 
casional ranches are in the deep narrow valleys and gorges in the 
more dissected portions, but here the fields are very small and are 
narrowly confined to the valley floors The ranches are mostly 
homesteads or patented mining claims within the national forests 
On Map 21 the distribution of privately owned land within the forest 
is indicative of the agricultural value placed on the various sites, 
first by the homesteader, but later by the National Forest Service 
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A marked concentration of such tracts is noticeable on the praam 
grasslands and in the parks of the more gently rolling surfaces of tho 
Basin 1 he deeply cut valleys of Rapid and ( as tie creeks arc 
avoided, but the more rolling surfaces near the eastern part of the 
Basin are settled, and there seems to be a distinct tendency to locate 


A SECTION Wt>T WA* D MOM WAP1P CITY SOUTH DAKOTA 




21 

adjacent to the mam highways On the ranches of this third type a 
large portion of the grass is cut for hay, but fields of oats — the 
dominant gram crop — are interspersed in many places, while po 
tatoes are the money crop The ranch buildings, not uncommonly 
constructed of logs, stand at the base of the bordering slope, separated 
from the fields by the road (Map 20 A, PI LXXVI, Fig 2) 

The grazing area is widespread throughout the region and in- 
cludes timbered and scrub lands as well as grasslands Grazing of 
cattle on the open range was formerly a thriving industry, but now, 
with the passing of this range, the rancher has recognized the ad- 
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vantages offered by the National Forest Service Stock is driven 
into the Hills every summer and is run on assigned units At the 
end of the season the cattle are gathered togetht r at shipping points 
located along the Railroads, for most of them art taken to Sioux City 
and Omaha as feeders The railroad utilized depends upon relative 
accessibility and rates Sheep an sceondary in importance and are 
restricted within the national forests to a few units, but they ait 
extensively grazed on the plains outside the region 

Lumbering 

Lumbering, although pt rmanent as an industry within the Hills, 
is restricted to the area of < ommercml timber, but presents an ever- 
changing distributional asp( et (Map 19 C) As the cutting proceeds 
from gulch to guhh the portable sawmills are moved to new working 
locations, and oven tht large-scale lumbering activities of the Warren 
Lamb Lumber Company progress from drainage basin to drain tgt 
basin as the available timber is cut In 1926 there were fifty saw- 
mills within the Black Hills region 15 

Scrubby second growth and large burns give evidence of a rapid 
forest exploitation during the first years of settlement (Map 19 C) 
Most of the timber was used in the mines, in the wooden buildings 
of the towns, and m the const motion of numerous railroad lines 
Since 1898 timber cutting has been regulateel by the National Forest 
Service, and it is managed on a sustained-yield basis, which gives 
permanency to the industry M 

Ihe settlement forms resulting from the lumbering industry are 
multiple and are concentrated within the more accessible portions of 
the forested area Abandoned small sawmill sites can easily be recog- 
nised by the large piles of sawdust at the mouths of gulches, the slopes 
of which have been visibly thinned out At other points the operat- 
ing mills are seen Logs decked m the woods are a common sight 
'1 hese are awaiting the trucks to take them to the mill 

The distribution of the smaller mills is determined largely by 
the piactice of the Forest Service of dividing the area into working 
circles tributary to definite shipping points These circles are further 

Boardshear, W I), “lumbering in the Black Hills/' The Black Bills 
Engineer 14 177 1926 

M Duthie, G A, ‘Timber- an Economic Resource of the Black Hills/' 
The Black Bills Engineer, 16 108-109 1928 
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divided into logging units bach logging unit takes m the drainage 
basin of a small tributary of one of the larger streams of the Hills 
The Forest Servne allows logging only on those units which are 
suitable 36 Since the stands of timber suitable for cutting are scat- 
tered, the lumbering activity at any one time is also very scattered 
within the forests 

The lumbering activities of the Homcstake Mining Corporation 
are centered around the two camps of Nemo and Moskee (Map 19 C) 
A large mill has been erected at Nemo, whit h has been an established 
lumber camp for thirty-five years It is now a small thriving town, 
dependent on the activity of the mill l 4 or many years a railroad 
was maintained in operation betwu n Lead and Nemo, but now motor 
trucks are tn use No town has grown up at Moskee, which is second- 
ary in importance to Nemo In 1925 these two sawmills produced 
about nine million feet BM 

The Warren Lamb Lumber Company is the larg( st operator in the 
Hills, and in the same year produced seventeen million feet BM 33 
Its mill is located on the northwestern edge of Rapid C lty, easily 
accessible to the railroads (Map 19 C) The first logging operations 
of the predecessors of this company began in 1908 Since then the 
company has logged, m succession, the drainage basins of Victoria 
Creek, Deer Creek, Galena (’reek, Bear Gulch, Slate Creek, Spring 
Creek, and now Horse C reek (Map 19 C) All these areas lie on the 
eastern side of the Hills and were made accessible by the construction 
of temporary railways 37 The mil way into th< Horse Creek area is 
still in use Migration of activity is, then, the css< noe of this mode 
of occupance 

Paradoxically enough, this constant movement of logging opera- 
tions results in greater permanency of other forms within the Hills 
Custer, which was in a stage of decadence after the decline of the 
mining industry in its vicinity, has now become a relatively prosper- 
ous town, largely dependent upon the continuous lumbering activi- 
ties of the working circle for which it forms a center (PI LXKX, 
Fig 2) The Nemo working circle serves Nemo tn a like manner 
Otherwise the visual results of lumbering will probably continue to 

** The Black Hills National Forest and Harney National forest Rec jrds 

* Bcardshcor, op at , p 175 

w Hood, A B, “Logging Opt rations in the Black Hills/ The Black 
Engineer, 16 120-135 1928 
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appear at new points, mark the immediate landscape for a time, and 
then later slowly blend with the surroundings 

.Recreation 

Recreation has also tended to retard decline in many parts of the 
Black Hills The matenal forms of tounsm are definitely concen- 
trated along the mam highways in the eastern portion of the Hills 
(Map 19 D) Here the wooded slopes and the dear, flowing streams 
form a pleasing contrast to the hot, dry plains m summer Rugged 
scenery and historical points of interest are also found Rapid 
City is the oenter of this recreational activity and forms the gateway 
for those entering from the east It is from this point that tourist 
travel radiates into the Hills proper They lie in an advantageous 
position between the eastern centers of population and the parks 
of northwestern United States, and graded roads break away from 
these through routes and invade the intenor, only to meet them 
farther on In this way the impatient tourist exponences but a slight 
interruption in the continuity of his travel 

tor many years the tounsts were earned through the Hills 
pnmanly by trains With the improvement of highways and the 
increase in motor travel there was a definite shift withm the HilJs 
from a concentration along railroad lines to a concentration along 
highways In 1924 nearly 30 per cent still came by tram In 1930 
about 95 per cent drove automobiles •• With the change m the mode 
of travel the natural recreational resources of the region increased in 
value as a result of greater accessibility 

Graded roads, hotels, lodges, cabin camps, forest trails, golf 
courses, and many other improvements for the accommodation of 
thm transitory group are seen on all sides The state and national 
forest and park services combine in their pohoy of maintaining such 
features Custer State Park is the largest state park m the United 
States, and includes some of the most scenic features of the Hills 
(Map 19 D, PI LXXVI, Fig 1) The inclusion of Harney Peak 
and the surrounding heights within the park was a result of the cre- 
ation of the Custer State Park Game Sanctuary from some of the 
lands of the Harney National Forest ** The Meade Federal Game 

M Harney National Foregt Records 

** Torroy, R H , State Park* and Recreational Ueee of State Forests m the 
United States (Washington, 1926), pp 231-234 
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Refuge west of Sturgis is partly responsible for the preservation and 
propagation of the game life withm the region The Federal and 
state fish hatcheries at Spearfish and Rapid City supply many 
thousands of rainbow, brook, and black-spotted trout to the larger 
streams each year 40 Unique attractions under governmental con- 
trol are Wind Cave National Park, Jewel Cave and Devil’s Tower 
national monuments, and, more recently, the Rushmore Memorial 
(Map 19 D) 

Ihcsc features, to which might be added many other points of 
interest to the tourist, are individually of little significance as a part 
of the areal scene, since each is unique in the area On the other 
hand, as an aggregate they have directed the spread of recreational 
activity and its associated forms within the region 

From the blending of the patterns recognized in the preceding 
analysis the unified whole of the cultural impress is seen m all its 
complexity This complexity is functionally exemplified in Rapid 
City, which has grown into the largest urban center of the Hills 
(PI LXX1X, Fig 2) It serves its territory in many ways, nil of 
which are noted m the urban scene Of outstanding importance is 
the commercial function, for Rapid City is a point upon which routes 
converge Its trade area includes the entire Hills and the adjoining 
plains Mining is reflected in the State School of Mines, ranching 
in the flour mills and creameries, lumbering in the Warren Lamb 
lumber plant, and the recreational activity tn the severallarge cabin 
camps and camping grounds, as well as in hotels, which are far too 
impressive for the actual size of the city u 

Conclusion 

These types of economic activity and the design given to the 
areal scene of the Black Hills by the union of the patterns of the 
physical background with those of the oocupance result in a recog- 
nised unity — an insular quality which definitely separates this region 
from the expanse of the Northern Great Plains 

The gross features of the mold, recognisable m the major linea- 
ments of the surface, seem to dominate the patterns of the other 
elements of the areal scene The general patterns of the soil, the 

*• Booth, D C, "Pish Culture in the Black Hills,” Pahasajn Quarterly, l, 
No 4 16-17 1912 41 Quthc, op at , pp 150-155 
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forests, the grasslands, the population distribution, and the roads, 
for example, conform to the major expression of the mold Each 
mode of occupance has brought an individual pattern of forma asso- 
ciated with it Mining is concentrated within the Interior Basin 
Banching reaches its best development on the outskirts of the Hills 
Lumbering, less restricted than mining, has expanded from the Tn- 
tonor Basin to the Limestone Plateau Keen ational features alone 
deviate from the major lineaments 

The drainage pattern, on the other hand, reveals the minor irregu- 
larities of the mold and forms the skeleton m relation to which the 
details of the landscapes align themselves The valle> parks of the 
Intenor Basin and the irrigated alluvial flats of the Inner Lowland, for 
example, conform with the drainage lines, but are diametrically op- 
posed to the alignment of the gross features 

These major and minor lineaments bring out separate distribu- 
tions which, blending together, create the regional design of the 
Black Hills 
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THE CENTRAL PYRENEAN PIEDMONT 
OF FRANCE 

HFNKY MADISON KfNDALI 

T HOUGH the Aqrntam Basin (Map 22) 1 of southern Frauce is 
commonly regarded as one of the major geographic units of 
the European continent, 2 it tan m no way be thought of as an un- 
differentiated lowland of uniform landscape Morphologically, it is 
distinctly set apart by Brittany and the Massif l cntrul on the north 
and east, by the Atlantic Ocean on the west , and by the high rampart 
of the Pyrenees on the south One opening to the north, the U iU of 
Poitou (Poitiers), and one to the southeast, tlu (Wte of ( urcasnonnt, 
break through the otherwise well-dt fined rim of this satmei of land, 
half-covered by the Atlantic Ocean In spile of these audits, the 
land look* westward to the open ocean, whence come tin rain- 
beanng winds which make it well watered Some of its area is with- 
out a dense population and is admirably adapted to pastoral pursuits 
Other portions with a greater density of population have character- 
istics eminently fitted to agriculture It m not a land of industry , for 
it lacks the natural resource upon which modern industry is based 
It is dominantly rural, though its major cities are born of the im- 
portance of commerce Prom this point of view the \quitam Basin 
is a clearly recognizable unit When detail is examined, however, 
the variety of landscape expression becomes evident, and sectional 
differences assume paramount importance 

One of the group of tiles which, placed together, make up the 
mosaic of landscape of the whole Aquitam Basin is the Central 
Pyrenean Piedmont It is known by a variety of pays 1 names, of 

1 Map 22 shows place nanus mentioned iu the text No further reference to 
this map will be made 

• Vidal de la Blache, Paul, la trance (Harhctte, Paris, 1008), Do Martonne 
B, Lee RAgumt gSographtguen de (a trance (1 lamination, Paris, 1021), Ffevre, 
Joseph, and Hauser Henri, Regions cf pays de France (Alt an, Pans, 1909 j 
» Gallois, I , Rfywn$ mturtUc* et noma do pay* (Colin, Pans, 1908) See 
particularly Chapters I, II, XI, and XII 

A pays is an area which is popularly thought of in I ranee as one of essential 
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which the collective Pays du (jers seems well suited, even though this 
is an extension of the usual sense in which that name is used Pays 
du Gcrs and Central Pyrenean Piedmont of France may be used 
interchangeably 

THE SETTING 

The Pays du Gers forms a distinct geographic region, though, 
because of its considerable Jirea, which is about ^5, 500 square kilo- 
meters, it presents noticeable variety of detail throughout It is set 
off clearly on three sides, but to the west it blends with other portions 
of the piedmont To the south it is < ut off by the Pyrenees and the 
valley of the Neste 4 while to the east and north it is delimited by the 
nbbon-like plain of the Garonne To the northwest lies the expan- 
sive, low, sandy plateau of the I anth^ 6 The limits have been recog- 
nized not on the basis of surface character alone, but from the aspect 
of the surrounding land as contrasted with that ot the land inclosed 
within the bounds mentioned 

Surface configuration and hydrography 

There is a continuous gradation of surface and drainage forms 
from the Pyrenean front to the Garonne Valley Three zones of 
combined forms may be recognized They are first, the nearly 
level plateau surface with incipient drainage , second, the section of 
asymmetrical valleys 6 with asymmetrically placed major streams and 
youthful interfluves grading northward into mature ones, and, third, 
the zone of late mature valleys with widely meandering streams 

unity in both the forma of t he fundam* nt and thow of the occupance In many 
instance*, though not invariably, this concept holds true Pays arc of several 
Orders of magnitude as, for txamplo, in Condomoia, which is part of Haut Ar- 
magnac The latter is, in turn, part of the larger pays of Armagnac and also 
part of the Pajs du Gers The hunts of a pays art not always determined by 
exact criteria but, ratlur, by common usage lhc narnis of many of the pays 
of France are so well rteogmsod that thur usage teohnUaIl> as well as popularly 
Is common 

4 Sorre, M , L*s Pyr6n#es (Colin, Paris, 1928), pp 138 141 

1 De I^aunay, L , Gcologtt de la France (Colin, Paris 1921), p 291 

4 The cause of asymmi try of the valleys of the Pyrenean piedmont has been 
a much-discussed problem for which no completely satisfactory solution has as 
yet been offered Sec Insurant, Gustave, "I Armagnac et lea pays do Gers, 
Ann d$ fftog , 20 145 1911, *ubrr, I A, "La Dis«ym<Hric dew values et Ja 
loi dite do De Batr, particuli Fremont on Gascogne,” La GAog , 8 291-306 1903, 
iWclus, £ , L a France, Vol If m NoaveUe gtographte umversells (Haehette, Paris 
1877) 
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separated from one another by belts of maturely dissected inter- 
stream spaces 

A broad expanse of nearly level land stretches northward from 
the front of the ( entral French Pyrenees (Map 23 , PI LXWI, 
lug 1) Ihis is the plateau of Lanneme/an, all that remains of a 
formirly more extensive mass of fiuvio-glacial detritus 7 The apex 
of this deposit is on the slope of the mountain which forms the left 
bank of the upper Neste Valley From that point tht land descends 
gradually and spreads out like a fan northward Numerous streams, 
all contributing* to the volume of the Garonne except a few which 
bathe the western edge of the mass, h ive cut their way he ad ward into 
the fan, so that the present northern edge of the plateau is a succes- 
sion of narrow, flat-topped, finger-Uke ridges separated from one 
another by steep-sided, V-shaped valleys (PI LXXXl, Fig 2) 

Tlase finger-like remnants extend as much as thirty kilometers 
from the apex of the fan (Map 23) With increasing distance from 
the mountains they become narrower, and the valleys lietwcen them 
become wider and less notched They are asymmetrical in cross- 
section with, usually, sticp eastern walls and gentle western ones 
Their floors are filled with alluvium, both ancient and recent They 
are definitely aggraded 

Beyond the latitude of Auch there arc few youthful remnants of 
the upland surface Northward the country appears to be made up 
of several lines of well-rounded hills The valleys which separate 
them present the characteristics of late maturity or old age They 
remain asymmetrical somewhat farther to the north, however 

As the Garonne River is approached, the valleys become narrower 
and the interfluv es are more prominent They break away sharply 
to the Garonne lowland over two levels of terraces, 8 which are well 
defined except where the river is sapping its southern valley side All 
the affluents of the Garonne on its left bank cut trcnchlike valleys 
through these terraces Though these valleys are not wide or deep, 
they produce a surface which is dissimilar to that in the hilly land to 
the south This surface marks a distinctive change of landscape be- 
tween the Pays du Gers and the plain of the Garonne 

7 Fabre, I A , “Le Rol de la Gascogne,” La GSoq , 11 2^7-284, 343-358, 
413-434 1905 

1 Chaput, E “Rechrrcbes gur revolution des terrasgeg de I* Aquitaine,” 
Bull t 8oc dfns not de Toulouse, 56 17-100 1927 
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Only along its northern edge is surface water to be seen on the 
plateau of Lannunezan The main body of the upland is not fretted 
with valleys, nor are there any lakes 01 rnirshes on it In some 
places the water table approaches the surface, and, here and there, 
temporary boggmess may occur Ihe northern edgo is quite differ- 
ent Here the headward cutting of the streams forms a very deeply 
indented surface, both vertically and horizontally It is the streams 
and their valleys that limit tin plateau proper The upper portions of 
the streams form an mtegrd part of the surface in that th<y are the 
vital force which controls this limit, now more or less fixed by the 
intervention of man 9 Beyond this limit there is a different complex 

Almost throughout the zone of outstandingly asymmetrical val- 
leys the steep right banks of the stieams and the gentle, though 
latitudinally serrated surface of the left banks, are separated by the 
fiat valley floors of ancient and recent alluvium iiuo which the pres- 
ent rivers arc cutting (PI I A XXI, big t) In a few places the 
left bank is the steep one while the right bank is gentle Ihe relief 
of any one of the three surfaces is the result of the carving of the 
tnbutanes, except the channels of the in un streams Ihe secondary 
streams have not progressed to the erusional stage of the major rivers 
and have cut only V-shaped valleys They produce on any one 
surface a washboard < fleet I his roughening is found almost with- 
out exception on the surfaces of gentle slope The few torrential 
nvulets of the steeper slopes 10 cut ravines which advance headward 
rapidly and indent the sky line of ihe valley sides to a groater depth 
than those of the opposite banks 

In the lowest, or northernmost, zone there is found a country 
which, if one looks eastward or westward, presents the appearance 
of an ocean breaking against a shore Northward or southward the 
likeness is not lost, it mertly appears, from the valleys, as though 
one were in a trough between two waves, or, from the mterfluveH, 
as though one were on the crest of a wave Water has worked 
upon the land to reduce it until a \rntable labyrinth of rivers, 
brooks, and rills sepaiatcs isolated, gently rounded hills (PI 
LXXX1I, Fig 1) 

• Cavmllda, H , “la Houilh blanche dans Its Pyr^es frangaisea," Ann de 
gtag % 28 450 1910 

i* Fabre, L A , “Hur le dtfplaw nunt vers Test ties count d'eftu qw rayonnent 
du Plateau de Lannenieisan/ Com pit rendu Acad tet de Pans, 127 204 1898 
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The stream pattern corresponds to the zonal arrangement of 
surface forms (Map 24) The rivers flow in a radial pattern from the 
plateau of Lannemezan in a general northward direction to their 
confluences with the Garonne Near their headwaters they follow 








Map 24 The Pays du Gera and Burroundmg area Baaed on 
Carte de France * t 200,000 — 3927 Mition 

rectilinear courses and have few tributaries Farther northward the 
number of tributaries, particularly on the left banks of the main 
streams, 11 is increased and the pattern is oomblike In the northern- 
most zone the number of small tributaries is decreased while that of 
large tributaries is increased There the pattern is dendritic in de- 
tail Throughout their whole length the radial arrangement of the 
streams from the plateau is fundamental Other detailed patterns 
u Fftbre, op, cU t p 203 
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which are encountered are amplifications of this or are combinations 
of it with others 

The reaction of the streams to the climatic regime can be noted 
clearly The period of highest water is usually during April and 
May, and it is followed by a period of extreme dryness In July 
and August there is very litlle water in the major streams, and 
many of the smaller ones aie completely dry (PI LXXXI, Fig 3) 
From September onward there is a gradual increase m flow until a 
maximum, which is only slightly lower than that of early summer or 
late spring, is reached in December After this there is a slight de- 
crease until the end of January, when increased flow is again notice- 
able 

More startling than the seasonal changes are the changes induced 
by short periods of heavy rainfall The effectiveness of storms ib 
due, m part at least, to the impermeability of the soil near the head- 
waters of the streams and on the stt eper slopes n The reaction of the 
streams to sudden storms has long been noted 15 A heavy rain of a 
few hours* duration produces a flooding of the flat valley floors of any 
of the major valleys Lvidences of human attempts at protection 
from these sudden floods, such as the retaining walls which line the 
Balae at Condom, bear witness to the rapidity with which the streams 
answer to the changes in weather (PI L XXXII, Fig 2) 

Since the construction of the canal along the edge of the plateau 
of I/annemeasan there have been fewer disastrous floods at the high- 
water periods, and the sev enty of the droughts has been considerably 
lessened, 14 but the regimen of the rivers has been very little affected 
Their flow bears little relationship to the snow accumulations of the 
Pyrenees and can be more completely related to the rainfall regime 
of the Aquitain Basin as a whole u Ihere is variability throughout 
the basin, and the amounts of water in the various nvers decrease 
relatively as one proceeds eastward The regimen does not vary, 
however 

w Lemoine, Georges, “Ess&i sur 1 hydrom6tne du bassm dc la Garonne, ' 
Ann de g4og , 5 308 1895-96 

11 One of the earliest a< counts is included in Venatlus Fortunatus, “Do 
Egireio flumme/’ Vvnance fortumt, translated by Charles Nisard and Eugtme 
Blttter (Finnm-Didot Pans, 1887), pp 58 59 

u Cavaillto, 2oc ct( , . . , 

» Lemoine, ep cU , p 371, Angot, Alfred, “Regime pluviomtonque de la 
Franco (Deuxl&ne partie Regions sud-ouesfc efc sud),' 4nn de g6og t 27 1-27 
1019 
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Climate 

The climate of the Pays du Gere is that which is found typically 
a short distance inland from the wist coasts of continents in the 
middle latitudes Though it shows a transitional character between 
marine, continental, and mountain climates, 1 ® there is a normal ma- 
rine modification of maxima and minima of temperature ami rain- 
fall There are no periods of extremes of heat or cold, and exceptional 
wetness or drought is not general lhe position of the Pays du Gere, 
open as it is to the Atlantic and the Mediterranean winds, but shut 
in to the south by the Pyrenees, is the dominant feature of the local 
climatic control 

The climatic statistics for Auch 17 may be taken as typical of the 
whole region The temperature h gi\ en in degrees Centigrade and 
the rainfall in millimeters They are as follows 

JFMAMJ JASOND \ear 
Tempt rature 4 0 6 3 8 2 10 4 14 7 17 2 19 4 19 9 17 1 13 0 8 0 6 0 12 0 

Precipitation 53 42 52 73 77 75 50 47 58 58 54 50 689 0 

Sml 

The soil, as recognised in its climatic soil group by Agafonoff, 18 
is of the Brown Forest type 19 Well-de\ eloped profiles are to be 
found in only a few places In general, the soils of the steep eastern 
valley sides are being constantly removed by sapping and gullying 
as well as by soil creep Consequently, whatever profile might have 
been developed is not now visible in its entirety On the gentle 
western valley sides the covering of alluvium masks whatever de- 
velopment there has been Under the mask it is possible to make out 
poorly developed profiles On the valley floors recent alluvium, 

15 In terms of tho Kttppen classification tho type is Cfh For criteria seo 
K&ppen, W , Lhe Kltmate der Krdt (De Gruyter, Berlin and Leipzig, 1923), 
particularly pp 120 121, 155-157, 262-267 In terms of tho Thomth waite 
classification it is BE r For criteria see Thornthwaite, C W , “The Climates 
of North America according to a New Classification/’ Oeog Rev , 21 633-655 
1931 See also a map of the climates of the world prepared and distiibuted by 
C W Thornthwaitc at tho annual meeting of tho Association of American Geogra- 
phers held at Ypeilanti, Michigan, in December, 1931 

17 Bernhard, Hans, Landbauzonen, l&ndhche Bntodlkerung und landwrtechaft- 
hche Etnuxinderung in Frankretch, tint beaonderer Bemckstchtigung der achweuen- 
achen Annedlung %n & -Udwatfrankreich (KUmmeriy A Frey, Bum, 1927), pp 97, 99 
11 Agafonoff, V , “I*es Types de sols de France,” Annalea de la sctence cyro- 
nomique frangaxae et Mranghre, 2 97-120 1928 

u See Strrmme, H , Allgememo Bodenkarte Europos (Danslg, 1927) 
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which is being added to constantly, prevents the formation of 
distinct horizons Only in tlu undissc eted remnants of the plateau 
of Lunnemezan have the soil-forming protest# h gone on undisturbed 
for a time sufficiently long to pc rnut the formation of horizons which 
correspond to those by which the Brown forest soil may be recog- 
nized b ven hero the inHut net of parent material appears to remain 


V egetation 

The region lies within the belt of mixed hardwood forest, though 
very near its tquatorward maigin 20 the beech family, represented 
dominantly by nuinc rous oaks, constitutes the remnants of wood- 
land left at present (Map 24) In new of the position of the area as 
regards climate and soil, it may be said that this family of trees was 
the most common in th< past Where the original cover has been 
removed and the land is not under cultivation, the forest returns 
slowly Partly as a result of this, the valley bottoms are now 
dominantly grass-covered, with fringes of trees along the water 
courses (PI LXWIT, lug 3) Ihe surface of the plateau of I an- 
nemezan is now moorl ind (PI IAWI, lug 1), though its original 
cover was probably similar to the present woodland elsewhere 
throughout the region 

In resput to the trees present the aie i is transitional between 
the Mediterranean and the oceanic categories of Gnussen 21 Three 
types of deciduous oaks (Queicus pedunculala Lhrh , Q Robur Willd , 
and Q pubescensWiM ) n are dominant, though ironwood (Carpi nun 
Belulus Tourn ), chestnut {C a started vulgnns Link), maple (4ter 
campestre L ), sycamore maple (Acer pseudoplalanus L ), black 
locust (Robinia ps*udo~acacia L ), hazel ( Corylui ivellana L ), and 
hawthorn (Crataegus oxyacanlha L ) are also common trees through- 
out The evergreen oak ( Q Ilex L ), the cork oak IQ Suber L ), 
and the olive (Olea europaea L ), suggesting westward extension of 
the Mediterranean type, are not numerous, but all of them exist 


» A careful though bra f, statement of the present dt tailed character and 
distribution of the vegetation of tht southeastern part of tb( area im included in 
Gaussen, H , VtgHalion dc la mvxiii ontmtale dt* Pyrtntes (L< ch< valier, Paris 
1926), pp 348-368 
« Op af f p 348 

* All specific names used art those listed in Moudlefert P , Trad# des or&rts 
status, Part I, Librairie dt a Sciences Natun lies (Pans, 1892 1898) American 
usage has been followed with respect to tins capitalisation of specific names 
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even beyond the western boundary of the Pays du Gera The Scotch 
pine (Pinu8 sylvestnx L ) occurs quite frequently m areas of sandy 
soil hr {Abies peclinata DC ), spruce (Picea excclsa Link), larch 
(. Lartx europaea DC ), and beech (Fagus sylvahca L ) add a more 
northerly character to the woods in the few localities m which they 
occur 

Along the stream courses willow ( Saltz alba L , S amygdalma L , 
and S vimtnalts L ), alder ( Alnus gluttnosa Willd ), and several 
varieties of poplar {Populus ntgra L , P tremula L , and P alba 
L ) form regular dense fringes Other than in these fringes trees 
occur only m hedgerows on the valley floors Praines and meadows, 
interrupted by a few cultivated fields, make up the remainder of the 
covering As one proceeds southward toward the plateau of Lan- 
nemezan, the grasslands of the valleys are less extensive (PI 
LXXXIII, Fig 1) They finally give way to brush or deciduous 
oak cover 

The plateau and its fingor-like extensions are fringed with this 
oak woods, which ceases abruptly near the 600-meter contour On 
the plateau the vegetation is moor, except for a few scattered areas 
of oak woods (PI LXXXIII, Fig 2) Furze ( Ulex nanus Sm to the 
west and V europaeus L to the east) and heather (Calluna vulgaris 
Saiisb ) are dominant on this moorland, though two of the heaths 
(. Enca ietraltx L and E vagans L ) are found in the association 
Their existence in place of a forest cover is a cultural matter The 
continued pasturage of sheep on the plateau has done much to make 
natural reforestation ineffective u 

Originally the Pays du Gers was nearly completely forested, with 
occasional grassy patches along the streams u The exceptions to the 
forest cover were edaphic and not dimatio The present state of the 
forest oovenng is an expression of the use which man has made of 
the area and not of the inherent fundament characteristics 

The base of human occupance 

The complex of these features of the fundament make up the base 
for man's activity in the area The Pays du Gera is definitely set off 

** Fabre, h A , “Lett Landes de Lannemesan," Rev de Commingee, Id 260 
1808 

M Lauraat, Gustave, “ Arm&gnac et pays du G era,” R$ v de Gaecogne t 53d 
year, New Series, 12 453 1012, Fabre, L A , ^L'firosion pyrSn&snne et lei 
alluvions de la Garonne/ 1 Ann de giog ,11 38 1902 
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from surrounding regions and in this respect is typical of the whole 
northern piedmont of the Pyrenees It is the largest of the many fans 
which spread out from the mouths of the Pyrenean valleys into the 
central doclivity of the Aquitam Basin Por this reason its parts are 
more clearly defined than similar features of the other fans It 
occupies a central position with reference to the Pyrenean front, and 
appears, therefore, to bo the culmination of all the sedimentary de- 
posits of the basin It is a very prominent part of the Aquitain 
region 

The land surface is fundamental The original feature of a cone 
of detntal material piled up at the base of a mountain range is essen- 
tially unchanged From a valley worn deep by glacial action it 
extends, gradually decreasing in elevation, to the median line of the 
basin where flows the Garonne River Back from this broad stream 
tributaries have eaten radially disposed valleys into the side* of the 
cone They have all but removed the original surface, leaving, to 
the north, wide valleys with hilly interfluves, and, farther south, nar- 
rowing asymmetrical valleys with flat-topped interfluves, until finally 
the V-shaped valleys which scallop the edge of the plateau of Lan- 
nernezan are reached, and the remnant of the old surface, little 
disturbed, is attained This is the base into which the ultimate 
roots of human life m the region are grown, and from which have 
sprung the fruits of that occupance 

POPULATION 

Human beings have lived in the Pays du Gers for a very long 
period of time The earliest occupance of the area about which any- 
thing is known was during the Paleolithic period Aurignac, the type 
station of the Aungnacian subdivision of the Paleolithic, a * lies near 
the southeastern edge of the region Neolithic remains, both at 
Aungnac and at other points throughout the area, can lead only to 
the conclusion that human occupance has been continuous since early 
Paleolithic times n The evidences of early occupance are not areally 
important in the present landscape, however 

Occupance in histone times has continued to mold the landscape 

*V&urkitt, M C, Prehutvry (University Press, Cambridge, 1925), p U 

* Aatre, Gaston, “D6brif» squolcttiques (Tune race n^oiithique do petite 
tiuUs d&ouvert* it Vic Fesensao,” Bull Soc d’hwt nai de 7 vuloutte, 52 117-132 

1924 
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into its present form It is known that the Phoenicians had reached 
the Aquitainian coast in the fifteenth century b < , 27 and that they 
had trade relations with the people of the interior as wdl as with 
those along the coast The land was well known to the Greeks and is 
briefly mentioned by Strabo 5B It came under the influence of Rome 
and existed as a separate province 

Many of the towns are at least of pre-Roman date of establish- 
ment, and they indicate the almost static position of life within the 
area since that tune It was wc 11 known then as an agricultural area, 
and it still remains so m essence It has been many turns contested 
for by Greeks, Romans, Goths, Moors, Spanish, and English, and 
only in relatively recent times has it come under Irtnch domination 
The continual influx of cultural elements has not caused any sudden 
and emphatic change m the character of the occupance Rather, 
various items of all the cultures ha\o been fused into one mass, 
which makes up the present cultural phase of the landscape The 
effect of thise culture infusions may be measured in terms of the 
nature of the population and its distribution, the pittern of circula- 
tion forms, and the use of the land, but to estimate the part which 
belongs to each of the long senes of cultures would be impossible, 
for they ha\e been completely blended 

The nature of the population 

The population of this part of France is very uniform in typo 
The inhabitants during the pre-Christian era were of the Ibenan 
group of peoples, 29 and, despite the fact that invasions of other 
peoples have been recurrent, this fundamental stock has been little 
changed 

Successive wav es of people, constantly overriding western Europe, 
plundered the land, but, with the exception of the Vaacon influx from 
Spam, the invaders did not settle in considerable numbers Ihe 
Vascons were Ibenan peoples, and consequently the character of the 
inhabitants of the region was not greatly altered when they came 
For all others the Pays du Gers proved simply an obstacle to be 

17 Guilbert, Aristide, HiftUnre ( 1*8 miles de France (Claye, Pans [1844 48?]), 
II 203 

** Geography, translated by Horace Leonard Jones (Heineman, London, 
1928), 4, 2, 1 

M Bertrand, Alexandre, No* origins La Gauls (Want let Qaulois (Leroux, 
Pads, 1891), p 248 
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overcome during the invasions rather than i coveted prize, though 
no satisfactory explanation has been made why this land should have 
been passed over by the invaders Tv on after it had become part 
of France in 1153 30 the people remained isolitcd os a nearly foreign 
group 

During the last few centuries there have been minor infiltrations 
of people of other nationalities Spanish 31 and Itahins 32 are the 
most numerous, though there has been, in recent years, an influx of 
Swiss to tht western part of the Pa>s du Gers w Only very slowly 
have these people Inen absorbed I he inhabitants have remained 
nearly as free fiom admixtures ts the Basques 

Ihc present population is distinctly a rural one The Trench 
census lists classes of population on the basis of the size of agglomera- 
tion in which the people live Agglomerations of over 2,500 people 
are considered urban, whereas those of snmllei size down to the 
individual house arc considered rural In the 1926 census, the 
population of the whole of Trance is given as 40,741,854, of which 
19,984,720 are listed as uiban dwellers Ihe Department of Gers, 
which may be taken as represent alive of the Pays du Gers for statis- 
tical purposes, # is listed as lining a total population of 1%,419, of 
which only 26,250 are urban dwellers I or the whole of Trance the 
population is 49 per cent urban whereas, in the Department of Gers, 
it is only 13 per cent urban The rural character is further em- 
phasized by (ho consideration of the proportion of persons engaged 
in agriculture In Trance hh a whole, m 1921, 23 per cent of the 
people were engaged in agriculture, whereas in the Department of 
Gers 48 per cent were so engaged 

The one basically gcogi iphic cause of depopulation 36 in the De- 
partment of Gers since 1846 (see Table I) has been industrialization 
and urbanization in other parts of France To these other centers 

w Williamson, James A , Maritime hnlerpnxe, 1485 1558 (Clarendon Press, 
Oxford, 1913), p 208 

* Caziot, Pierre, la \ akur de ta tern* cn France (BaiUidre, Pans, 19H), p 332 

M Granat, O , Gfiographu du Lot et Garonne (Agipr, Agcn 1929) pp 44 and 45 

” Bornlmrd, op cit , PI 32 

* Rfoultals staUsttques du recemement gtntral de la population effect u& le 
7 mart 1925 (Impr National^ Pans, 1928) 

* Other phases of the qut ation of fch« depopulation are discussed In Labat, 
Emm anuel, “Bn Gascogne 1 'Abandon de la terre.%" Rev dee deux mondes, 
ftOth year, 5th period, 58 635 4>«8 1910, and idm ‘bn Gascogne A prupoa 
du problem© de la natality/ tbtd , 81st. >ear 6th period 4 62-95 1911 
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TABLE I* 


POPOIATION OP THE DEPARTMENT OP GeR8 


1790 

268,800 

1846 

314,885 

1886 

274,391 

An VIII » 

270,609 

1851 

307,479 

1891 

261,084 

1806 

29 p >, 021 

1856 

304,497 

1896 

250,472 

1821 

301,336 

1861 

298,931 

1901 

238,443 

1826 

307,001 

1866 

295,692 

1906 

231,088 

1831 

312,160 

1872 

284,717 

1911 

221,994 

1836 

312,882 

1876 

288,546 

1921 

194,406 

1841 

311,147 

1881 

281,532 

1926 

196,419 


For 1926 Agglomerated 72,134 

Scattered 121,132 

Others, including troops etc 3,163 

French 184 335 

Others 12,084 

Houses 57,315 

Households 54,807 

many of the younger people of Gers has e gone, and few of them have 
ever returned The character of Gers does not permit within its con- 
fines the growth of large cities which might combat this trend Gers 
is a rural portion of France and by its own equipment it is forced to 
remain so There has been a growing dislike for ruraf life dunng the 
last two generations, combined with the rise of the feeling that agri- 
culture is not a desirable pursuit The area can provide food, cloth- 
ing, and shelter, but moneyed wealth is not to be found The large 
city calls up illusions of great Wealth and easier life than the farm 
As a result, the youth of the oountry are strongly tempted to leave 
and do so Thus the Pays du G$rs loses population to other sections 
of France where rural life is not predominant 

The distribution of population 

In contrast to that of surrounding regions, the population of the 
Pays du Gers is quite sparse (Map 25) The Garonne lowland forms 
a winding band of nearly evenly distributed population from the large 
seaport agglomeration of Bordeaux to the inland center of Toulouse 
Even beyond this latter place the band continues until the immediate 
pre-Pyrenean valley is reached To the west a triangular area of 
dense population exists between Bayonne, Tafbes, and Mont-de- 

* Annuaire admnutratif du Gers pour 19S0 (Coch&raux, Auoh, 1930), p 57 
r An VIII in the calendar of the French First Republic corresponds to the 
period between Sept 22, 1800, and Sept 16, 1801, of the Christian calendar 
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Map 25 Population of southwestern France according to the census of li>26 
One dot equals 2,000 persons Daahtd line indicates the limits of the 
Pays du Gere 


Marsan Of ail the surrounding regions only in the Landes is a 
sparser population and a more scattered one to be found 

In detail, the population of the Central Pyrenean Piedmont is 
distinctly disseminated 38 (Map 26) A rather even spread with 

M Statistical data for the Pays du Gtre an a whole are not available, and hence 
only for that portion which lies in the Department of Gens baa it been possible to 
construct a detailed map of population distribution 
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many scattered nuclei is to be noted The largest of the nuclei is the 
city of Auch, with 12,500 inhabitants Hus is the only urban ag- 
glomeration within tlie area Jo the north of the uly the dissemi- 
nation is quite even, as is also the spotting of nuclei throughout it 
lo the south of the city the Bpread is more uneven, and the groupings 
are fewer and smaller A closer examination of the patterns of two 
small sections will serve to show the essential differences between 
north and south 

The first of these small sections is the commune of I^ctoure, which 
is in the north-central part of the Pays du Gers The surf ic< ns a 
whole is in the mature stage of erosion (Map 27 A) The Gers River 
flows northward over a flood plain which has an average width of 
one kilometer Rising in varying slopes, the valley walls stretch back 
to mature ndge tops The eastern valley side is steeper than the 
western one Tributanes to the mam stream have eaten back into 
the original interfluves and have carved out steep-sided masses 
which project finger-like toward the main \ alley 

On the remnant of the upland surface which octenda farthest 
toward the Gers River there is a large agglomeration, which is the 
town of Lcctoure (Map 27 B, PI LXXXIII, Fig 3) It comprises 
58 per cent of the total population of the commune The remainder 
i 8 scattered over the whole area, with a notable tendency toward 
arrangement of houses m closely knit groups All types of surface 
aro used, but fewer houses are on the flood plains than on either the 
ridge tops or the slop* s Iho pattern of house distribution indicates 
decreasing density of population with increasing distance from Lec- 
toure, regardless of surface types 

The plat<au of Lannernezan stands in considerable contrast to 
the area of the commune of Lcctoure The gently inclined surface of 
the plateau slopes steeply down to the southeast and the southwest 
to valleys of Pyrenean streams (Map 28 A) To the north finger-like 
extensions project between youthful valleys of the rivers which have 
their sources upon the surface of the plateau It is typically an area 
of narrow, steep-sided valleys and narrow, flat-topped interfluves 

The population is concentrated where the youthful valleys most 
closely approach one another on the outer fringe of the plateau 
(Map 28 B) The dissemination of houses is lens than in the com- 
mune of Lectoure, and the population is almost exclusively confined 
to the ndge tops Lach interfluve bears a loosely arranged agglomera^ 
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tion which, in some instances, stretches along the ndge for a distance 
of two kilometero or more (PI LKXXV, Fig 2) There are relatively 
few isolated dwellings 

Population agglomerations 

The presence of many agglomerations is the most conspicuous 
feature of the population distribution Regardless of size, the groups 
of buddings convey the impression of fitting the setting almost as 
though they wert part of it They are dominantly of limestone in the 
west and of sun-dried brick m the oast In many instances a layer 
of stucco, made from local clays, covers these materials The color 
is invariably the yellow-brown of weathered ferrous rock Roofs of 
reddish tile throughout, except in the southwest, where Pyrenean 
slate is available mar by, are also discolored by weathering A mass- 
ing of such buildings, whether large or small, results in the same kind 
of expression on the surface of the land The conspicuousness is, 
howcv er, more a function of site than of form of these agglomerations 

There are three characteristic sites on which these population 
groupings occur One type of site is the gently sloping side of a mam 
valley at the edge of the present flood plain (Map 29 A) The second 
type is the hilltop (Map 29 B) The third type is the crest of the 
steep valley side, where the interfluve is youthful in character 
(Map 29 C) 

The valley sites are occupied m the area of mature valleys and 
more particularly where the interfluves are mature as well The 
towns on these sites center on the intersection of two highways, 
one extends along the valley and the other crosses the valley and the 
mterstream spaces on either side This type of site is not occupied m 
the southern zone of youthfully dissected surface or for some distance 
northward into the central zone of mature valleys and youthful mtor- 
fluves 

The hilltop site is most commonly occupied in the northern and 
eastern maturely dissected portion of the Pays du Gers (PI LXXXIV, 
Fig 2) 1 here the agglomeration usually centers about either an old 
church or a chateau, and consists mainly of closely packed houses, 
some of which are contiguous to the church or the ch&teau itself 
The aspect of a walled town is created 

The site on the crest of the steep valley side in the areas where the 
interfluves still retain some of their youthful character is utilized in 
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Map 29 Explanation o t symbols 1, area covered by agglomerations, 2, 
streams, 3, roads, 4, railroad, 5, flat valley floor, 6, valley sides, 7, ridge 
tops 


the southern and central surface zones (PI LXXXIV, Fig 3) Near 
the northern extremity of the zone of mature valleys and youthful 
interfluves, where the interfluve edges become more fretted by the ero- 
sive action of an increased number of tributary streams, agglomera- 
tions are at the ends of the projections of these interfluves toward the 
mam valleys In the south some agglomerations occupy the whole 
width of the narrow mterstre&m spaces 
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In the choice of the last two types of site protection seems to have 
been the guiding principle w All the older towns and villages have 
sites of one or the other of these two types With the advent of 
comparative stability of government and freedom from invasion, 40 
valley sites came to be occupied The increase in completeness of 
articulation with the rest of France made positions along the mam 
routes more desirable 

With increased population in the valley towns many of them 
have spread out over the present flood plains of the rivers, but in all 
such instances artificial control of river waters is practiced either by 
the construction of diversion channels upstream from the town or by 
building deeper, walled channels along the stream courses within the 
agglomerations (PI LXXXII, Fig 2) Many of the groupings on the 
hilltops or on the crest of the valley sides, where these towns are 
situated near the major streams, have, with the increased importance 
of road and rail connections, spread from their original sites down 
the valley sides (PI LXXXV, Fig 1) They have even grown across 
the flood plain in their attempts to overcome the handicaps of the 
positions imposed upon them by the necessities of another age 

The remainder of the population is distributed about the towns 
and villages in a manner dependent upon the pattern of circulation 
forms These, in turn, reflect closely the surface configuration Con- 
sequently the spread of population is quite evenly radial about the 
towns and villages m the zone of maturely dissected surface Where 
youthful surface forms alone are present, the population spread has 
been confined to the ndge tops The central zone is transitional in 
terms of population distribution, as it is in terms of surface configura- 
tion However, there is no sharp break between the patterns in the 
various parts of the whole area 

CIRCULATION 

In the arrangement of all the forms of circulation the relationship 
to surface configuration is recognizable, though it is more clearly 
demonstrated m some parts of the region than in others In the 
south limitations are imposed by the boldness of the relief In the 
north relief is less hampering to free development, though the lirai- 

“ Laurant, Gustave, “Araagnao et pays da Gere/ 1 Rev ds Gaseojns, 53d 
year, New Senes, 12 282 1912 

« Ibid , p 300 
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tations are not sufficiently relaxed to allow the divorcement of the 
pattern of circulation forms from that of surface configuration 

Hoads 

Two classi 8 of roads may bo recognized on the basis of con- 
spicuousness in the landscape The hard-surfaced roads, whether 
they are “Routes Nationals” or “Routes D^partemen tales,” are 
most frequently traveled They are characteristically about five 
meters in width Along both sides and set back about two meters 
from the edges there arc usually lines of trees (PI IAWIV, Hg 1) 
These draw attention to the roads perhaps even more than do the 
streams of traffic which flow along them Such highways arc the main 
or the major routes of communication In contrast to them are the 
minor roads which are unsurfaced Great variety in width and up- 
keep make them undesirable except as tributaries to the mam high- 
ways They vary from mere cart tracks or sinuous thin bands of 
unsodded surface to expanses of sand, clay, or gxavcl five or six 
meters wide Usually they arc not obst r\ able from any considerable 
distance and, though they may alter the landscape pattern m detail, 
their function in this respect is completely overshadowed b> that of 
the major roads 

In general, the highways diverge radially from a focus on the 
plateau of Lannemezan (Map 30) One road crosses the plateau 
from the premontane valley of the Neste on the east to that of the 
Arros on the west At nght angles to it two highways st tctch north- 
ward in a subparallel plan along the finger-like plateau extensions 
About fifteen kilometers from the plateau they descend the left 
valley sides to the level of the present flood plains One follows the 
valley of the Petite Balse River to its junction with the Grande Raise, 
along which the road continues its northward course The other 
follows the Gers River They extend along diverging courses in the 
same position relative to the valley floors as far as the latitude of 
Auch North of this there are frequent shifts from one valley side 
to the other, depending upon the position of the streams in their 
flood plains One road joins the Bordeaux-Toulouse highway in 
the Garonne Valley at Agen, the other, at Porte Ste Mane 

Until the latitude of Auch is reached main east-west roads are 
Infrequent but, in addition to the two mentioned above, many roads 
diverge northward They follow ndge tops (PI LXXXVI, Fig l) or 
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Map 30 The Pays du Gers and surrounding area Baaed on Carte de France A 1 200,000 
— 1027 Edition Explanation of symbols 1, mam rivers, 2, standard-gauge railroads, 
3, narrow gauge railroads, 4, main roads, 5, towns with more than 2,000 inhabitants 
6, head of navigation on the liaise River, 7, limit of the Pays du Gers 
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the edges of the valley floors Frequently roads from tributaries unite 
with those in the main valleys This upsets the regularity of the 
radial pattern 

North of Auch, where the relief is less marked and the slopes are 
Jess abrupt, each large agglomeration of population is the center of a 
secondary radial pat tern w hich masks the basic one Ridges are more 
frequently chosen for roads m this section than are the valleys, 
though all types of surfaces are utilized with considerable ease 
(PI LXXXII, Fig 1) 

I he base from which the present pattern developed is found in 
a pre- Roman route which connected Aquitam with Aragon across 
the central Pyrenees 41 This route left the Pyrenees near the apex of 
the fan, crossed the plateau of Lannomezan, and followed northward 
along the water parting of the Adour and the paronne drainage 
basins Such a route avoided the bridging of streams and the sur- 
mounting of steep slopes A portion of it is followed by the present 
road just to the northwest of the Pays du Gers 

More significant in the present pattern are the Roman roads 
Only four of these have been definitely traced One of them con- 
nected Agen on the north with St Bertrand de Commingcs on the 
south 43 This is essentially the route followed by the present road in 
the \ alley of the Gers from Agen to Masseube To the south of that 
place it found its way in zigzag fashion across the intervening \ alleys 
to its destination Another highway connected Toulouse and Agen 
by way of Lee tou re 43 The third connected Toulouse and Uax 44 
The present road from Toulouse to Auch and on to the northwest 
follows nearly exactly the trace of this old Roman thoroughfare 
The fourth was of a later date than the others It connected St Ber- 
trand de Comminges and Dax, crossing the plateau of Lannemezan 
near the northern limit of its undissected surface 46 

The choice of the particular trajectory which the present road 
follows across the plateau of Lannemezan is primarily the function of 
the road which preceded it and of the position of agglomerations of 

41 Pe Casteran, Paul, “La Lands de Boc,” Rev de Comminges, 13 246 1898 
41 Lauranf, Gustave, “ Armagnac ot pays du Gers ** Rev de Gascogne, 54th 
year, New Series, 13 48-54 1913 
« /bid 

H Bee Itintravre d* Antonin in Desjardm, Erneet, Qiographie hwtonqut el 
administrative de la Gaule ronunne (Hachttte, Paris, 1885), Vol IV 
* Pabre, “Lee Landt* / p 260 
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population on the portion of the plateau surface that extends north- 
ward It is not a function of surface differences So it is likewise 
with thi course of the road from the south across the plateau Minor 
roads are all straight, exupt those that bend slightly to the south 
to avoid the headwater ravines of the streams which have their 
origin on the upland surface 

In the zone of asymmetrical valleys and flat-topped interfluves the 
main roads, with one exception, extend along the gram of the country 
The one exception is the road which forms a semicircle from 1 arbes 
on the west of the region to St Gaudons on the east Between this 
road and the plateau the two routes previously mentioned as the 
skeleton of the whole pattern are the only main- traveled thorough- 
fares To the north of It nearly every valley and a few of the inter- 
fluves are served by well-traveled highways They extend as far 
northward as the next mom east-west road, which is the one that 
winds its sinuous course from Toulouse through Auch In this zone 
the ruggedness of the land surface is not great enough to prevent the 
construction of roads in almost any direction, but ease of communi- 
cation on a north-south line has emphasized the importance of routes 
so oriented The minor roads are for the greater part connecting 
links between the north-south highways, though occasionally they 
parallel the major ones 

To the north of Auch the undulating character of the surface is 
shown by the fact that the roads are no longer confined to the valleys 
or to the ndge tops Nearly direct routes between the larger popu- 
lation agglomerations are followed The roads are not laid out along 
straight lines, with no conformity to surface At the same time they 
are much less closely controlled by it than they are to the south of 
Auch In many instances the hamlets and villages are not located 
on the mam highways, but are connected to them by short spurs 
In a few places this indicates a local difficulty of surface, but more 
frequently it is a reflection of the character of the agglomeration 
itself Many of them are older than the road system and conse- 
quently are too compact to allow the unimpeded movement of the 
traffic that passes over the main highways The minor roads form 
a very complete connectmg network between the main roads They 
extend over all types of surface and lmk the whole population to the 
larger centers 

Auch, which is located on the border between the *one of roads 
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closely controlled by surface features and the zone in which (here is 
little control by surface, forms the emter of an octopus-likt pattern 
of mam highways (Map 30) At Auch the north-south anti the 
east-west Roman roads crossed, and, though the town does not owe 
its ongm to that fact, 48 the road intersection has undoubtt dly been 
an important factor in the development of that town as a center 
toward which the whole region is focused Three mam highways 
have been added to the original ones from Auch One of those 
branches from the highway leading westward crosses the upland to 
the northwest and descends a tributary valley to the Baise, where it 
joins a mam north-south highway The second of these- additional 
roads branches to the southwest, follows up a tributary wtlley for 
about five kilometers, and makes its rather tortuous way across five 
interfluves to the plain of the Adour The third supplementary road 
extends directly southeast from the city across valley and interfluve 
alike to Lombez in the valley of the Save All these additions an 
relatively recent in construction and are dominantly political in 
importance Auch is the prefecture of the Department of Gera 
Condom, Mirande, and Lombez are eous-prtfectares The three roads 
link these latter towns with Auch and make it a focus for the whole 
region 

The basic pattern of highways is radial from the plateau of 
L&nnemezan and, in its southerly portion, is limited m its digression 
from that form by the surface configuration To the north the 
supenmposition of other radial patterns, the most important of which 
is that about Auch, indicates a very weak control by surface Purely 
cultural forces have subtracted from the effective natural focus 
position of tho plateau of Lannomezan and have substituted the 
town of Auch in its place Ihus there is close integration within the 
region as well as direct articulation with the road systems of all sur- 
rounding regions, with the exception of the Land&s 

Railroads 

The railroad pattern is far less complex than that of the roads, 
though the rAle which the railroads play in emphasizing the focal 
position of Auch is great Not only is this function well performed, 

48 Guilbert, op at , II 210 Auch was established previous to the Homan 
occupant* of this region 
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but the railroads link Auch and, through it, the whole region to the 
densely peopled urban centers of France 

Main railroad lines extend in four directions from Auch as a 
center (Map 30) At the present time 41 a fifth main line is being 
constructed southward from Auch along the valley of the Gers It 
has been under construction for a long time, and the original intention 
was to continue it across the plateau of Lannemezan to the valley of 
the upper Neste A southward extension was to follow along the old 
trans-Pyrenean route In event of the completion of this project it is 
suggested that the focus would shift and that the plateau, as repre- 
sented by the town of Lannemezan, from which a spur line extends 
southward a short distance at pres< nt, would become the nucleus of 
the occupance of the region, 4 * as it is of the setting 

Narrow-gauge railroads extend toward the center of the Pays du 
Gers from the north, east, and west They serve the sections which 
are most remote from the main lines that cross the country, but they 
are not integrated with the essential pattern of railroads within the 
Pays du Gers 

Waterways 

There is one other connecting link with the outsido world, though 
it is of little importance as a bond within the area The Balse has been 
canalized as far as Condom (PI LXXXII, Fig 2), which is a center 
of the armagnac 4 ’ trade Small barges ply between Condom and 
Bordeau along the Bate© River, the Canal lateral de la Garonne, and 
the Gironde estuary This route is an outlet for a special commodity 
and is rarely used for any other purpose than the shipping of that 
commodity 

THE USE OK THE LAND 

Close integration with the set ting is shown in the forms of circu- 
lation throughout the Pays du Gers The pattern of circulation 
forms is the framework upon which the population is distributed 

< T The summer of 1930 

4 * De Casteran, op eti , pp 246-247 

41 Armagnac ib the name given to brandy which is distilled from the white 
wines of Bat) Armagnac, Tenarese, and Haut Armagnac* fonareze and Baa 
Armagnac are pay* lying outside the Pays du Gers and to the west of Haut 
Armagnac, as the northwestern part of the Pays du Gem is called See De 
Caasagnao, Paul, Lee Vxn* de Franc* (Hacbette, Paris, 1927), pp 192-193 See 
alBO Shand, P Morton, A Book of French Wince (Knopf, London, 1923), p 238 
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These relationships suggest a regional unity The nature of the 
population furthers the idea of unity within the region as well as of 
contrast with surrounding portions of the Aquitam Basin It is the 
use of the land, however, which binds the elements of the setting, of 
population, and of circulation into a whole which is the landscape 
of the Central Pyrenean Piedmont of France 

The agriculture of the Pay$ du Gere 

Within the Pays du Gers there is variation of detail, yet the basic 
combination of rural forms is the same throughout Most of the land 
is cleared or has always existed without forest cover, and a large share 
of this is w crops The portion which is not so used is taken up for 
the greater part as pasture land Very little may be truly classed as 
waste Sixty-two per cent 50 of the land is arable, eleven per cent 
is natural grassland, eight per cent is heath, moor, or brush land, 
seven per cent is wood-covered, and six per cent is in pasture or 
meadow The remaining six per cent of the area is occupied by 
buildings, roads, and waste land 

Somewhat more than half the arable land is cropped The dom- 
inant crop is wheat, and it is found more or less evenly distributed 
throughout It occupies about twenty-seven per cent of the arable 
land Its closest competitor, areally, is the vine, which extends over 
thirteen per cent of the arable area Two other gram crops are im- 
portant, oats on seven per cent of the land and maize on four per cent 
The remainder la used for such items as garden crops, fruit, and, oc- 
casionally, rye Each year a considerable amount of land is allowed to 
he fallow or is used as rotation pasture 

In the animal industries cattle production for beef is distinctly 
the most important and Is approached only by hog and poultry 
raising In the amount of land used the animal industries as a 
whole are important throughout, for it is only m terms of an inte- 
grated system of crop raising and animal production that the rural 
occupance of the area is expressed 

Though wheat is the major crop almost throughout, the secondary 
crops vary in importance in the different parts of the Pays du Gers 
(Map 31, A-D) The vine is distinctly more important along the 
northern fringe and in the Batee lowland than elsewhere Maize is of 

H All the statistics mentioned in this section of the paper are from StaluUqu* 
agncoU annxulU, 1990 (Impr Natlonale, Paris, 1932) 
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Map 31 Distribution of crops in southwestern France A, wheat, B, oats, C, maise, 
D, vine One dot equals 250 hectares Dashed hue indicates limit of the Pays du 
Gera 
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greater importance in the southwestern part and along the Garonne 
Valley fringes than it is throughout most of the rest of the region 
This does not hold true locally, however Oats are dearly the domi- 
nant secondary crop in the t astern half of the region The particular 
use of the land in any one year may show an increase in any one of the 
secondary crops at the expense of the others m any portion of the 
Pays du Gers, but the average of conditions is that stated above 

The same kind of variation is to be noted in the distribution of 
the animals (Map 32, A-D) C attic are plentiful over all the land, 
but there are fewer as the plateau of Lannemezan is approachod On 
the other hand, the numbers of sheep and hogs increasi in that di- 
rection Sheep are not very numerous except in that portion nearest 
the Landes and on the plateau of Lannememn, whereas hogs are 
present in the greatest numbers in the southern one third of the 
region 

The variations of the crop and animal combinations in quantity, 
though not in quality of types represented, reflet t the characters of 
the surrounding regions The Pays du Gers is an area of blending of 
the specialized forms of agricultural and pastoral pursuits found 
throughout the whole of the Aquitain BavSin 

Ivund-use patterns 

The patterns of land use fuse the differences within the Pays du 
Gers into a whole winch emphasizes the setting and the distribution 
of people through it To the north the waves of hilly land present the 
aspect of a huge park stretching as far as can be seen (PI LXXXII, 
Fig 1) The surface is dotted with villages and hamlets and gives 
the appearance of being much more wooded than is actually the fact 
Intermingled with the trees and clustered about the dwellings and 
along the roads the fields form a checkerboard with varying color 
indicating the crop, pasture, and woodland mosaic (Map 33, A B) 
The fields are rectangular, and many are outlined by hedgerows from 
which the poplars stand up as thin spires Ihe major streams are 
definitely traced by the lines of willows, alders, and poplars along 
their banks The roads, too, stand out because of the trees which 
mark their courses Most notable over this whole scene is the con- 
centration of pasture (PI LXXXVI, Fig 2) and hay land in the 
valley bottoms (PI LX XXIII, Fig 3) and the occurrence of cropped 
land on the hillsides 1 hough the checkerboard arrangement persists 
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over valley and hill alike, there is little regularity in orientation In 
some place* the fields bear a close relationship to the population ag- 
glomerations In others they are oriented with respect to the roads 
Yet, over all, the exact demarcation of field lines is the dominant 
impression 

Greater conformity to the pattern of surface features is to be 
noted farther to the south (Map 34, A~B) With increasing asym- 
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Map 33 A small area near the northeastern limit of the Pays du Or# Fxpla- 
nation of nymbol* 1, garden, 2, vineyard, 3, matte, 4, wheat, ft, oats, 
6, land from which hay is cut, 7, clover, 8, brush, 9, pasture, 10, woods, 
11, roads, 12, houses and bams, 13, streams, 14, valley sideB, 13, ridge 
tope 


motry of the valleys in that direction there is an increased amount of 
land unsuited for crops or e\ en for pasture For this reason more of 
the land is wooded or covered with brush (PI LXXXVI, Fig 3) 
The valley bottoms retain their function as pasture land or meadow, 
but the crop land is very definitely arranged in conformity with the 
surfaces of gentle slope The western valley sides and the fiat-topped 
interfluve remnants are the sites of most of the cultivated land 
There results a stnphke pattern oriented in a roughly north south 
direction in which cultivated land is nearly paralleled by pasture and 
meadow, and that in turn by woodland and brush land 
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Beyond the zone in which the valleys are flat-floored the same 
type of arrangement is found, except that less of the valley bottom is 
used for pasture and none of the valley sides are used for cropping 
other than of the garden type A few fields nestle m the tree-covered 
v alleys, but these are either pasture or hay lot (PI LXXXIII, Fig 1) 
Crop cultivation is limited to the finger-like projections of the dis- 
sected edge of the plateau of Lannemezan 
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Map 34 A small area on one of the northward projection* of the dissected edge 
of tho plateau of Lannemezan Explanation of symbols 1, garden, 2, 
maize, 3, land from which hay w out, 4, potatoes, 5, brush, 6, pasture, 
7, woods, 8, bouses and bams, 9, roads, 10, canal, 11, streams, 12, flat 
valley floors, 13, valley sides, 14, ridge top 


rbe surface of the plateau is cultivated only along its northern 
edge or around the few population agglomerations which exist upon 
it The surface is not divided into fields, and little breaks the 
monotony of the continuous stretch of scrubby vegetation except 
here and there some small forest remnant (PI LXXXIII, Fig 2) 
Sheep grazing is unrestricted in its extent upon this land, but no 
fenced pasture exists 

The general pattern of land use in the Pays du Gers reflects very 
completely the surface configuration In detail, however, this is often 
only indirectly so The field patterns are locally oriented with respect 
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to the roads and, through them, to conditions of surface In sections 
where the presence of a population group seems to be more immedi- 
ately the effective agent of arrangement, that very fact links the 
pattern to that of surface eitln r directly or through the element of the 
road pattern The earliest settlements of the Pays du Gera were 
relatively isolated communitus and, for a long period of time, they 
havi been of a self-suffiuent typo In many places they havt opjiosed 
the advance in means of communication which would remove the 
necessity of that self-sufficiency 1 ho early groupings of such com- 
munities for protection brought about a pattern of land use which 
still persists in a fragmentary way 

Grouped about the church or chfiteau, the houses capped the top 
of a prominent hill set in the midst of the forest-co\ ered land Clear- 
ings in the wider vallty bottoms may have b oken the extent of 
forest Gradually the land around the settlement was cleared and 
the fields for irmnediaU necessities were laid out As the clearing of 
the land spread down tht slopes to join with the natural grasslands of 
the valleys, more and more land was opened to cultivation Helds 
were larger since there was a greater amount of land for each individ- 
ual as the circle of cleared land spread In the landscape of the 
present the concentric pattern, in which increasing size of field ac- 
companies increasing distance from the settlement, is found to be 
present residualiy in the maturely dissected portion of the Pays du 
Gers (PI L XXXIV, lig 2) Associated with this pattern there is 
usually a specific zoning of crops hncirchng the buildings are the 
smallest fields, which are used as gardens or vineyards Around them 
in the larger fields are the grain crops And, farthest removed, are 
the lands given over to pasture lhis is not invariably the arrange- 
ment, for frequently the fields close to the hamlet or village are used 
for pasture Around the larger agglomerations this pattern, if it 
existed originally, has been considerably modified or destroyed by 
the gradual extension of the built-up area With the increase in im- 
portance of roads and with the decrease in self-sufficiency of small 
parts of the Pays du Gers, a new group of determining factors has 
amen 

Where the road has become more significant than the population 
agglomeration and where settlement has spread along the roads 
either as small agglomerations or aa isolated houses, the road itself 
is the axis of the pattern Small fields line the highway on both 
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sides Back from the roads the size of the fields usually increases 
Crops are grown in those nearest the roads while those farthest re- 
moved are in pasture 

The year m the Pays du Gera 

Though the clear-cut decline of activity within the severe winter 
lands or within the lands of seasonal drought is lacking in the Pays 
du Gers, there is a very definite rhythm of intensity of life through 
the year There are certain periods m which oach kind of activity is 
at its height and other periods when it is practically dormant The 
climatic position of the region is responsible for this rhythm, and it 
is to varying climatic factors within the region that most of the 
modification of this rhythm is related 

In the vicinity of Auch January and February are the months 
of least activity The temperatures of this period of the year are 
sufficiently low to make undesirable the working of the land, but 
they are not low enough to force the removal of the animals from 
pasture This condition leaves little that can be done about the farm 
other than the repair of implements The lack of work results m an 
increased interest in the fairs and markets of the towns and villages 
The Gersois peasant dearly loves a gathering of any sort," and he 
makes the best of this opportunity The roads are the living parts of 
the landscape It seems as though every person in the land is on his 
way to or from town 

With the coming of March there is a change This is the begin- 
ning of the season of heaviest rains, and preparations are made to 
preient damage to property The increased precipitation causes a 
rise in river level, which is continued through April and May Floods 
may cover all the lower land of the valleys and may endanger the 
lives of the animals if they are left in the customary pastures They 
are brought to the farm and, if no neighboring land is statable for 
pasture, they are fed and closely cared for Then, too, the land is 
plowed before the heavier rains fall Otherwise, the fields, particu- 
larly those on clayey soil, are quaggy and impossible to plow The 
towns are forgotten From the first noticeable rise of temperature m 
March the preparation of the land for crops is the sole end in view for 
the larger part of the population. In late April or early May oats are 
planted and shortly thereafter, maize is sown, and attention is given 
M Castot, op et* , p 331 
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to vineyards Wheat, planted the winter before, brings a green color 
to the whole land 

Continued farm activity accompanies the marked beginning of 
summer in late June There is no further need of keeping the animals 
close to the farm for feeding They are turned loose in pastures which 
have been refreshed by the short penod of little use The crops are 
well started by the time the ram begins to decrease m amount With 
the coming of the dry, hot period of July and August the harvests 
begm The wheat has ripened and it is cut and threshed Through- 
out the region the constant coughing of the gasoline engines of wheat- 
threshing machines is to be heard Some of the farmers st ill use the 
old method of driving the oxen round and round on i hardened earth 
threshing floor and then winnowing the gram in the hot blasts of the 
vent d’autanf 1 which is at its strongest at this tirie of >ear 

The wheat harvest lasts but a relatively short time I here is 
a hiatus in the farm work and, with almost clockhke precision, the 
towns take on the exaggerated importance of the January-February 
season The land with its npcmng crops is slight ed It is almost 
devoid of human beings 

Late August and September witness another reversal In rapid 
succession come the grape, oat, maize, and fruit harvests Everyone 
is pressed into service The country hums and the villages and towns 
are silent 

Immediately the harvests are done the land is prepared and sown 
in wheat The vineyards are looked after, pruned and sprayed, and 
wine is made When November comes and the pressing farm work 
lb done, there begins the manufacture of the one specialty of the 
region The wine is distilled and made into armagnac With the 
completion of this work the year is rounded out, and there comes 
again the season of increased social life for the whole area 

In all directions from the vicinity of Auch this rhythm of hfe is 
varied to a minor degree The variance is primarily a recognizable 
function of the setting, although it is in part caused by differences m 
the distribution of population To the south and west there is a 
greater amount of rainfall which results in the changed emphasis of 

w The iwftfc d'aitlan tat Mediterranean in origin See de Martonne, E , 
“Note prdllmin&Ire aur le vent d’autan,” BuU Soc Uinguedocienne de gfog , 
80 100--U4 1007, and tdam, ** Contribution h 1'fitude du vent d’autan (deuxi^me 
note),” thtd , 82 185-167 1909 
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utilization of the land Likewise toward the south the winters are 
more severe and the summers are hotter and dner The winter is 
8uffu lently severe to nt cessitate t he ration feeding of animals 1 his one 
item, coupled with a different distribution of population, decreases 
the importance of town gatht rings in the winter life of the inhabitants 
They are more completely tied to the farm The climatic differences 
also make impossible the cultivation of some of the same crops The 
increase in the amount of rainfall is particularly injurious to wheat 
while the lowered temperature of winter makes the vine a less satis- 
factory crop Nevertheless, there is discernible the same type of 
rhythm of life as that near Auch I he movement of sheep to pasture 
on the plateau of Lannemezan during the summer months, though of 
greater magnitude, is essentially the same as the movement of cattle 
to new pisturage during summer in the center of the Pays du Gers 

t onclusion 

The rural scene is the only important one and, though it vanes 
from part to part of the region, it is only the result of necessity of de- 
tailed adjustment that brings about any difference Ihe same kind 
of people Jne m the same way in all sections That way is distinct 
from those of adjoining areas The way of living in the Pays du Gers 
is not like the agricultural life of the Garonne lowland, m which fruit 
cultivation is of pnmary importance It is not like the corn-hog-vine 
economy of the Adour drainage basin to the west, nor is it like the 
Landes whtre pastoral life predominates Likewise the pastoral 
life of the Pyrenean slopes contrasts sharply with it W ithin the Pays 
du Gers all these various economies are blended to form a rural 
occupance of the type which lays equal stress upon agriculture and 
the animal industries Specialization in commercial production is 
secondary to sustenance farming 

Thus it is that a small portion of the earth’s surface with an asso- 
ciated group of natural phenomena stands out as distinct from the 
surrounding lands And upon this small area the items of human 
occupance are arranged m such a way as to emphasize its individu- 
ality The natural phenomena focus on the small remnant of the 
plateau of Lannemezan The occupance phenomena focus upon 
Auch The two have been inseparably welded through time to form 
the present phase of ever-changing landscape of the Central Pyrenean 
Piedmont of France 
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NOTES ON THE ASSEMBLY OF AIRPLANE 
PHOTOGRAPHIC MOSAICS 

HAROID UNDFRHJLI 

T HE World War brought about the demand for and tht initial de- 
velopment of photography from airplanes for pui poses of military 
strategy and mapping J* rom that period to the prt sent dxtc \ anous 
interested civilian groups organized for profit have sought to apply 
to our civil needs the knowledge gained by their war < xpe ru net 
Greatly improved cameras, the new extremely sensitive films, and 
better airplane s make possible the excellent an photography of today 
The outstanding application of airplane photography to oui civil 
needs is that of mapping 

When baso data, such as lakes, streams, roads, cultivated lands, 
cities, and villages, are desired m th< most minute detail, the air 
photograph is superior to ordinary maps Larger areas than can 
be photographed upon a single print arc mappt d by assembling into 
a unit the overlapping photographs covering the desired area Such 
a composite photograph is called a mosaic 

Here in Michigan we have found it convenient, through co- 
operation with the United States Geological Suivey, to secure the 
services of trained United States Army pdots and photographers 
for the purpose of photographing from the air many of our hitherto 
unmapped counties This woi k is being done in connection with our 
regular state program of topographic mapping 

Since our first county was photographi d from the air in 1929 it 
has been the good fortune of the writer to be in charge of the filing 
of these photographs for the Geological Survey Division About 
lebruary, 1931, the Forest lire Division, seeing tho value of this 
new type of map as an aid in fighting forest fares, began the assembly 
of township mosaics, which now number 304 and picture approxi- 
mately ten thousand square milt s of territory 

During the past three years the methods used in the isscmbly 
of our mosaics have developed step by step, until a standard and 
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an efficient routine has been attained Future work along this line 
will yield new material for discussion However, it is the purpose 
of the writer to record for the benefit of the novice our present 
procedure that he may profit by our experience Conventional 
methods of mosaic assembly could not be used, for two reasons 
first, lack of control, since our photographs covered unmapped areas, 
second, the prohibitiv e cost of scale changes by ratio printing, since 
by agreement the United States Army retains for a Stated period 
the negatives from which our prints are made 

Our standard air photograph is a contact print madt with a 
negative from a single-lens camera that uses a roll film 10 inches 
wide and 75 feet long A contact print measures about 7 by 9 inches 
and is usually printed upon glossy single-weight paper Some 
cameras are so equippe d that a small number panel is photographed 
along the cutter of one side of each photograph In the top of the 
center of this small panel is leproduced a rotary altimeter dial that 
recoids tlu altitude of the ship at the instant of exposure Below 
the altimeter is tlu number of the photograph, shown on a small 
dial similar to the mileage dial of an automobile speedometer To the 
right of this center group there are a circular bubble, to indicate 
the tilt of the camera, if any, and the face of a small clock giving 
the tune of exposure On the left side is a blank m which may be 
written for reproduction the date of flight and the name of the 
location of the job flown 

Few prints in our files, however, exhibit easily readable informa- 
tion m this number panel The majority of them have been blacked 
out and the negatives numbered with ink m the laboratory after 
trial sets of prints have been laid out This insures prints of a broken- 
flight strip getting consecutive numbers whether or not the entire 
strip was photographed on a single flight Adjacent photographs 
overlap each other considerably, some contracts call for as much 
as 60 per cent side overlap and 50 per cent end overlap This is 
necessary because the outer margins of a photograph are not on the 
same scale as the center portion, which was immediately below the 
camera at the time of exposure Variations from normal m the posi- 
tion of the ship and the camera at the moment of exposure cause 
scab distortions m the photograph which may be so bad as to render 
it worthless This type of wing-tilt off-scale print is difficult to detect 
in photographs of wilderness country, but when it occurs in those of 
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farming regions with well-bloeked-out road s> stems tht opposite 
sides of a section will be shortened or elongated along the axis of tilt 
Commonly the most troublesome type of off-scalt photograph 
is caused by variation in altitude of the Rhip Wiathtr changes 
often affect the barometric altimeter during a flight, or a change 
of ground elevation under the plane may be the disturbing factor 
Either may cause a perfectly flown ship to pioduce off-scale photo- 
graphs 

The happiest results, so far as photograph mosaic asm mbly is 
concerned, are obtained when the area to be flown is so small that it 
can be photographed on a single hop A careful che ck of baromt trie 
pressure before each flight is the rule on large jobs and should product 
uniformity of scale from day to day However, the novice must be 
tolerant with the pilot and the photographer, who, when aloft, are 
two of the busiest men above earth, and should remember that as 
a matter of fact perfe ct scale photographs are generally salt s talk 
tully equipped laboratories have ratio printing machines by 
means of which both the altitude and the wing-tilt vanities of off- 
scale photographs may be corrected Such a machine is essentially 
a vertical enlargement prmte r whose copy board may be tilted out of 
the horizontal plane to correct any tilt errors present m the negative 
Prints made in contact with the negative are always more brilliant 
in appearance and show finer detail than prints made m such a 
institutional printer or other enlargement camera 

There would seem to bo every reason to invent and perfect an 
improved altitude meter that would give the pilot actual altitude 
above ground instead of altitude above sea level 

The altitude at which a pilot must fly to produce photographs of 
a given scale is easily arrived at Given the focal length of the cairn ra 
lens in inchos and the desired ground distance to be represented by 
one inch on the photograph, a simple ratio provides the altitude 
For example, if one has to determine the altitude necessary for a 
12 -inch focal length lens to produce photographs on a scale of 1 inch 

, t , 1 inch 12 inches 

to 1000 feet on the ground, - ^ 7 ^ Agam, on a 

scale of 1 inch to 400 feet on the ground, if one uses an 8 -mch Uns 
1 inch 8 inches 


400 feet 3,200 feet 
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A flight across a given area produces a senes of overlapping 
photographs callt d a ship Adjacent strips overlap and arc gt nr rally 
flown in opposite dm ct ions, with tht pilot usually making a nearly 
vertical bank at the end of the flight and reversing his dmction for 
tho r< turn trip while the photograph# r snaps one or more shots with 
the camera shuttt i closed to indicate the end of a strip on the roll him 

In the laboratory, after the first set of pnnts has ban laid out 
roughly to determine wht Ihtr any gaps or “missouts” exist, a flight 
map or key map is prepared for the convenience of the customer, 
who receives it with his copies of the photographs This flight map 
usually shows the beginning and the aid of tach separate flight by 
means of two rectangles inclosing the exact areas on the map covered 
by the first and last photographs of the flight Each rectangle is 
givin the number of tht photograph it represents The locations of 
interim diatc photographs are gt nerally omitted Howev er, the course 
of flight is sometimes shown by a lino If this map is too large for 
com tint nt filing it may be reduced m photostatic copies, on which 
adjacent strips are shadt d with contrasting colored crayons and large 
minibus art lnktcl in for visibility Photographs may be located 
accurately and quickly from flight maps colored and rtnurnbtred 
in this manner 

A brief discretion of other and more important items of equip- 
ment used m the asst iribly of our air-photograph mosaics will bo 
found in the Appc ndix to this paper 

The scale of the mosaic is probably the first consideration to come 
up after it has been decided to make an aerial photographic survey 
of an area Ihc uso to which the map is to be put will govern the 
size of objects upon the photograph “Scale” is the ratio of unit 
distance on the photograph to unit distance on the ground, i e if one 
foot of photograph portrays 12,000 feet of ground, the scale is 
represented by the fraction i3 m More commonly the scale is ex- 
press! d by a statement of the relation of one inch of photograph to 
the actual ground distance it represents, such as 800 or 1,000 feet 
to the inch It is also i xpressed in inches per mile The following 
are diffmnt ways of expressing the scale of a single air photograph 
(all mean the same) if ooo » 1,000 feet to the inch, 5 28 inches 
to the mile This scale is standard in our photographs, namely, 
J2 two One county was flown on a 35^60 scale, and it has been laid 
up m township mosaics, but tho results do not compare with other 
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areas mapped on the former scale, either foi visible chtnl 01 for 
general appearance 

If the area to be mapptd is large, the sire of the individual 
mosaics is governed by the scab of the prints iml the nailtble 
sizes of mount At 1,000 feet to the inch, our mosau of i standard 
township, six miles each way, measures about lb by 40 meht s o\ < r all 
JThissm is amply large for convenu nt handling and filing \\t found 
the 24-mch mosaic from our one small-male countv a pleas mt vana- 
tion from the larger standard size Ku Plate JAXXAII for thm 
scale comparison 

The air photographs of a county 1o !jk assembled aie put into 
plainly marked envelope s by flight strips and ai range d m their o\ e i- 
lapping order across the county Ihty are then df jiosited m a file 
for safe storage Fnve lopes containing photographs of the township 
to be assembled are first removed from the fik ami arranged m a low 
on the back tabic m their proper order the proper staitmg point 
is, of course, that place at which the Iocition of the flint few prints 
is established without doubt Generally om side of the township is 
bounded by a well-known and mapped feature, cultural or natural, 
such as road, lake, stre am, or timber-cutting line In the abst ncc 
of such information wc must use the General Land Office plats for 
township-corner locations 

After the selection of the starting point the first print is fastened 
to the assembly board by four staples, without tnmming, m a loca- 
tion that allows ample room for the complete asst mbly of the town- 
ship The mosaic is developed most naturally by strips across the 
board from the starting point The direction of the se strips may be 
vtrtioal, heirizontal, or diagonal, depending upon the diKction m 
which the area was flown whe n photographed 

Assuming that the first print was laid m the uppt r le ft-hand 
comer of the board and also that the flights were made in an east- 
west direction, the first strip is laid from left to right across the top 
of the township The second strip starts immediately below, over- 
lapping upon the first print laid, and progresses from lift to right, 
overlapping and matching the first strip In this manner the entirt 
townslup is developed, provided, of course, that th< scale of succeed- 
ing strips is constant Differences of the scab in two prints of ad- 
jacent strips may be too small to be noticed when regarded as 
Individuals However, small errors accumulate in thi width of a 
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township until the total is decidedly too great Usable mosaics 
ha\c been laid within which adjacent strips have differed in length 
by as much as one and one-half inches Such an error is uncommon, 
however, and the assembler is rarUy called upon to deal with errors 
totaling more than one inch across a township All the resourceful- 
ness of the workman is demanded when adjusting and fitting off- 
scale prints 

Somotiracs, owing to off-scale photographs, it may seem impos- 
sible to complete the assembly of an area by the simple strip-after- 
strip method just described In this case the quickest way out will 
probably be to remove the prints from the board by strips and stack 
them in orderly piles upon the back table Starting out anew, the 
opirator staples two or three prints in the first strip, as before Next, 
he places the first one or two prints of the second strip and then the 
first one of the third strip This method builds two adjacent sides 
of a township simultaneously, controlling the included corner angle 
by its triangular or fan-shaped development 

Another system of dry assembly which is more difficult to handle 
is the radial development which begins at the center of the board 
and grows from this point in all directions This system is favored 
by some, but it is not so simple and, therefore, is less desirable than 
the strip or the corner method, and has been used in but one township 
mosaic assembly 

It is advisable to show only the center portion of any print 
liecause the edges are always more or less distorted and out of scale 
Removal of the overlapping edges of successive prints entails trim- 
ming, probably the most, important factor m a good assembly In 
general, from the standpoint of minimum distortion, one half of 
any overlap should lx removed Any deviation from this u one-half” 
rule makes \ lsible the undesirable distorted edge of the top or bottom 
photograph m question It is seldom, however, that this rule may 
be applied literally, since the nature of the country shown on the 
photographs actually makes the overlap desirable or undesirable 
Wooded country with few trails, streams, and such features is best 
tom by a wavy line, whereas cuts through cultivated fields are better 
straight A straight cut across a print is more noticeable than a 
senes of straight cuts connected by occasional offsets (for instance, 
cultivated land with offset Bideways through a wood lot) 

The road system of a mosaic is a most prominent feature, and cuts 
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should bo made well back of farm buildings if they art* to n c( ivo the 
minimum of attention Joints too close to roads or down their 
center may shrink upon drying and cause a double road lhis 
cannot occur if roads paralleling a cut are trimmed off tht 
overlaps 

Advantage must be taken of every feature on the photograph that 
will help conceal a cut Wherever possible one should avoid joints 
through small lakes or other featuns Huch as wtt marshes The 
reflections of light from water surfaces cause a surpusmg changi in 
the shade of lakes upon adjacent photographs In fact, a lakt is 
apt to be white in om and black m the next lh< darkt r wat<r 
areas are the txst onto to show, since white water is often confused 
with sand or marl by the novic< Light rtfUctions from watc i oft* n 
work to our advantage m disclosing the cours of small streams 
otherwise hidden by forest canopy 

Because land valuis are high in cities and because of difficulty 
in matching prints over such an ar<a, th< se photographs arc left 
intact when possible bince errors of assembly occur at the joints, 
any valuable land, such as village, golf course, lake front, road front, 
or subdivision properties, is better left uncut if possible 

When there is nefd to cut a punt, it is laid upon the trimming 
board, and the exact path of the proposed tear is cut lightly through 
the emulsion with an even pressure of the penknife point Ihe un- 
desired part of the photograph is so placed as to overhang tht edge 
of the trimming board The tear w accomplished by prtssing the 
scrap downward and forward away from the opt rat or When this 
is properly done the tear will start in the photograph and follow tht 
knife cut across it as tht hand grasping the scrap piece moves away 
from the operator After the tear, the scrap should display a white 
fringe of bcvelt d paper from one eighth to om fourth of an inch widk 
along the full length of the tear If this evuhnee of proper feather 
edge upon the photograph is lacking at any point the desired result 
must be obtained by inverting the photograph and bc\ elmg with the 
penknife where necessary A spiral shaving of paper indicates pro- 
ficiency here Scraping with a razor blade or finishing with fine 
sandpaper is recommended by some to insure a more nearly perfect 
feather edge In practice, however, the average torn edge, bovelcd, 
if necessary, with the knife along the edge of the trimming board, is 
Sufficiently thin to give good camera copies 
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ihr pair of small holes caustd by fastening with paper-stitcher 
staples should lx made , if possible, unde r an overlapping photograph 
they are not so big, however, that they will be noticeable from a 
short distance, should it be neeessary to make them where they will 
occur upon the finished mosaic A gtaple in each of three hidden 
corners is the rule in fastening a print upon the dry assembly board 
If insufficiently stapled, the photographs may curl badly overnight, 
or slip out of pObltlOTl 

A careful check of the finished dry assembly is essential to detect 
errors in alignment of straight railroads, highways, power lines, and 
other features, and poor matching of prints It is sometimes neces- 
sary to pull photographs of a short strip apart somewhat The check 
of the final dry assembly should bnng out any too noticeable cases 
of “twins” from this source “ Twin" is a laboratory term for an 
object such as an isolated tree or farm budding that, owing to separa- 
tion of prints at a joint, is allowed to appear m duplicate As a 
rule, judicious trimming will remedy a too obvious ease of twinning 

If the township is shown to be of regular dimensions upon the 
best a\ ailable maps of the area, the mosaic will probably be square 
whf n completed Correct tilting of the film in the camera at the time 
of copying often produces a square copy from an off-sise or distorted 
original If this hint is understood at the time of assembly, much 
detail may be preeer\ed in the longer strips that would ordinarily 
be telescoped in an attempt to square up the original The expem nee 
of our field men who map soils and cover directly upon mosaic copies 
has been that it is bettor to sacrifice the scale of a mosaic, if necessary 
in order that no country be lost by compression of a large-scale 
strip “ Twins” are evident, but lost areas are not self-explanatory 
to the mosaic reader 

Dry assemblies art often torn apart and reassembled several 
Units before the best possible arrangement is found This branch 
of the work is by far the most important step in the making of a 
mosaic, and it should not be hurried All but the smallest scraps of 
photographs used are carefully put away for possible future use 

Aftt r completing the dry assembly the big question is whetht r or 
not we shall be able to reassemble the prints with mucilage, pre- 
serving their original arrangement Our present transfer system has 
worked 100 per cent efficiently since its adoption The first method 
we used for this transfer of photograph location consisted in tracing 
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the roads, lakes, and prominent fcaturts visibh through tracing paper 
and transferring these base data to th* mount by moans of carbon 
paper The photographs wert then mounted ovir this network 
Howevtr, though this method served, w< wire forced to find some- 
thing bettfr whni the country changed from farm lends with wtU- 
developed road systems to wilderness, few features of which were 
visible through the tracing paper 

The noedh bar, as described later, was dt v< lopt d and now , instead 
of pencil work upon tht tracing, which is stntchtd over the com- 
pleted dry assembly, tht twin needle points art puswd through the 
tracing and each individual photograph in tht assembly Ihe pair 
of holes so made art easily relocated by a pencil line rult d along tht 
bar at each operation The township and tht outtr limits of tht 
mosaic, which are as gt norous as the photographs allow, art outlined 
with soft pencil upon the tracing after each photograph has been 
pierced with the needle bar point* Tht btst wav to lemovt tht 
tracing is to cut it off tht board with the pt nknife, scoring the photo- 
graphs for later trimming This produces a coin ( tly shaptd tracing 
which may be laid upon a shet t of artificial wood thrtt si^tt tilths of 
an inch thick as a template to determine the si?o anti tht shape 
of the mount About throe mcht s additional height is allowt d for 
a title panel across the top 

The process of transfer is usually mhrruptid it this point long 
enough to cut with a handsaw the cornet puce of mount and to 
apply upon each side, by means of mucilage, a cover shet t of Kraft 
wrapping paper, an operation discussed under “wot assembly" 
The freshly covered mount is set aside to dry while tht underlap 
of the photographs is trimmed off To hasten drying it may be 
stood with an edge presented to the blast of an # lectric fan 

The underlap is that portion of a photogiaph hidden by an over- 
lapping print Early experience showed that loose edges frequently 
resulted from the weak bond between the glossy emulsion on the 
underlap and the print ctmented to it Conti action due to drying 
causes edge looseness where the underlap is cxcessiv* Ihis looseness 
is prevented by discarding all but about one half of an inch of the 
underlap, thus providing each print with a maximum area of contact 
with the Kiaft papt r-covertd mount undermath The looseness 
just mentioned must not be confused with edge curling due to un- 
equal drying at the time of assembly 



424 


Harold Underhill 


When one begins the dismantling of the dry assembly, about one- 
half inch of the tip of a chma-markmg crayon is inserted undermath 
the feathered edge of the last print in the final strip and a black line 
is traced around it upon the photographs below This operation is 
repeated with each print in the last stnp before any are removed 
for tnmmmg The marks so made msuro that a safe margin of un- 
derlap will bo left in all cases The photographs thus marked are 
removed and the excess areas are trimmed off along the black crayon 
lines just traced upon them Care is taken in tearing off waste por- 
tions to produce a good feather edge, since a square edgt here will 
be noticeable through the overlap as an abrupt bump upon the sur- 
face and is very apt to cause a light reflection, seriously aff( ctuig 
the value of the copy mosaic Boundary prmts are also trimmed 
at this time along the knife marks made when the tracing was cut 
from the board As the prmts are trimmed they are laid face up in 
an orderly pile upon the back table 

When the paper-covered mount is dry the tracing is fast* ned upon 
it with a few small pieces of “Scotch tape," a rubber base adhesive 
tape made of heavy erfipe paper and used by draftsmen in place of 
thumb tacks to secure drawings to the board 

The needle bar or bars used beforo are again pressed through the 
tracing in the identical holes made by the first operation The mount 
is dense and care must be taken not to break off a needle point As 
each location is transferred it should be marked with a pencil check 
When it is certain that no photograph position has been neglected 
the tracing is removed and discarded 

At the starting point the first photograph is relocated in its proper 
position by means of the needle bar, and its outline is traced upon 
the mount with a soft lead pencil 1 he remaining prmts m the order 
of their sequence are relocated with the needle bar, and those edges 
that do not overlap any preceding print are outlined upon the mount 
When all the photographs have been outlined the wet assembly may 
be started 

The oovei mg of paper on both sides of the wall board, described 
for use on mount m the Appendix, is necessary to control warping, 
which would occur if only one side of the board were covered The 
front surface is covered to make the pm holes from the transfer 
operation visible, as well as to cover up the oily surface of at least 
one brand of board used, thereby improving the glue bond 
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board and prints The back paper is always added afterward to 
balance the shrinkage stresses and to pre\ent waiping of the mount 
The transfer tracing was used an a U raplate to obtain the correct 
size of the board to be used as a mount This board now servts as 
a path rn for three pieces of paper, which are cut to a size approxi- 
mately three fourths of an inch less each way than the board itself 
This undt r-sized paptr will equal the sire of the mount whtn wet 
One shett is rolled up and saved for backing the board after the 
assembly has been made The other two ar< wetted thoroughly on 
both sides and mucilage is spread evtnly on the papu rather than 
upon the board itac If The inclusions of air under the paper are 
removed by lifting the corners and smoothing with a cloth progres- 
sively from th< center to the coiners of the large sheet After the 
paper is smoothed on both sides of the board the edges are bound 
with gummed paper tape one and one-half inches wide and the board 
is set up on edge so that both surfaces may dry < venly 

The wet method of applying prints to the mount entails the 
soaking or floating of them, together with a certain amount of trim- 
ming at assembly of undesired portions and constant manipulation 
of the whole mass while wet, to arrive at a desired assembly The 
excess glue is removed by wiping and cleaning with a damp sponge 
after the mosaic has dried It is obvious that during such a wet 
assembly the prints will be fully expanded with moisture, and this is 
one of the things our present semi wet system avoids 

The number one print of the dry assembly is also the first print 
to be glued into its place upon the mount The front and back sides 
of the first print arc sponged in rapid succession upon a linoleum or 
other suitable surface It is then laid face down upon a pad of paper 
towels, where thinned mucilage is applied with a brush evenly over the 
back surface It is next quickly placed face up m its proper position 
on the mount and smoothed from the center toward its < dges m all 
directions with a damp sponge to force out all entrappt d air bubbles 
and is then dried m like maimer with a soft dry cloth Its correct 
location is shown by its penciled outline upon the mount, and any 
necessary adjustments must be made without delay because the 
mucilage acts as a lubricant only while wet and its moisture is quickly 
absorbed into the Kraft pap<r beneath All freshly laid edgts are 
carefully pressed and dried with the cloth-cov ered finger tips before 
passing on to succeeding operations A photograph applied as do- 
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scribed above adheres strongly to the mount m about two or three 
minute s 

The second print is w< ttod on both sides and placid upon a clean 
paper towe 1 for application of tin mucilage The paper towels arc 
discarded after bung used once to prevent the front surface of the 
punt from becoming excessively sticky In smoothing out and dry- 
ing this and successive prints in thtir places care must be taken not 
to rub against an edge with the sponge or wiping cloth huch a 
movement would surety displace the fine feather edge and probably 
split it so as te> cause sepiration of the emulsion from the paper 
No harm results if the wiping action is with and not against the over- 
lap It is impoitant that the edges of newly laid prints, especially 
the overlapping edges, should bo pressed out firmly to expel the 
excess mucilage, thus permitting the edges to adhere before the 
evaporation of moisture from the emulsion side causes edge curl 
I he commercial aiwbtc mut dago used is heav y md viscous and should 
be thinned with about ee^ual parts of water to facilitate the edge- 
squeezing operation, thereby guarding against unwelcome eelge curl 
A roll curtain was first used to retard edge evaporation This pro- 
vented the trouble, but its us< interferes! with the assembly work 
and the thinning of the mucilage, which premd adequate, was 
adopted in its steaei In this way the entire assembly is completed, 
with a place for each print anel with each print as near as may be in 
its place' Expansion sometimes forces the prints off their outhms, 
but the ptncile d control is still useful in keeping the assembly uniform, 
if large, and the result is goexl 

A strip of Kraft paper is glued across the top of the assembly 
and the title is leicated and mounted in the center of this panel 
The mosaic is the n turned ovc r and a second back pape r, saved from 
the previous mount-covering operation, is applied to the back Wo 
now have two shoe ts of papor on the back balancing one sheet and a 
mosaic of photographs on the front This symmetrical treatment 
will insure that the finished board will remain flat 

Gummed paper tape is again used to bind the edges of the mount, 
care being taken this time* to display a uniform width of tape around 
the front horde rs of the mosaic The length of the one-mile dia- 
grammatic scale on the mosaic title is one sixth of the measurement 
between the top township comers, if the township is found to be of 
regular size on the General Land Office plat Although the original 
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I ami OfRct plat may dt plot i township as t squart , tin same town- 
ship as built up in mosaic form is oft* n fai fiom squat r I his is duo 
to variation in scab of tin photographs and ih dlowtd btcausi 
oxp< nonet his taught us to show as m uly 100 ptr ct nt of the irea 
as possibb and th< n to tiy m tht prousH of photogi iphic copying 
to corral the shape of tin mosaic 

In the tit It tht rt should appt ar along with tht scab such itt ms as 
noith point, township, county, statt, namt of ag< ncy which took 
the photographs, and tht year the pit tuns wot takin (sec PI 
LXXWII) 

If water siu faces occurring in an area ha\t mmored the suns 
rays into the camera lens, the water body will appear dead white, 
while normally tlic daik under-water vegetation and muddy bottoms 
will give such bodies of w it( r in almost black color The artist’s 
air brush (see PI IA\\\Il), filled with black water cok>r, is used 
upon these light watf r are as until all lake s and large stre ams are of a 
uniform gray or black t olor hxcess color around the margins of a 
lake may bo wiped up with a little cotton on a small wooele n applicator 
(see PI LX\X\ II) Shoals and submerged sand beaches arc not 
covered with coloi if then presence is known After water surfaces 
have been retouche el the > may be sprayed with a transparent fixative 
or lacquer to prevent accidental scratching of the delicate water 
color film, this proa dure, ho we ve i , is not practiced at present 

Water features are next labeled with white mk, which is used 
for names of lakes, laigc rivers, and bays All land features are in 
black ink Mountains, points, islands, and cultural features such as 
towns are included m this group, is well as section numbers and 
county boundary name s 

Ihc assembly man signs each mosaic in the lower right-hand 
corner and writes upon a small piece of note paper any special in- 
structions that will aid the photographer m making a good reduced 
copy of the mosaic 1 his note is attached to the mosaic by means of 
“ Scotch tape ” The scab appearing in the title is always to measure 
two inches on the copy, ami, unless there is a state nrunt to the 
contrary, the township should apptar squaie and regular upon the 
reduced copy 

Our regular semimat te finished paper w the most popular and is 
usually cloth-backed and provided with a hinge on the left-hand 
edge (see PI LXXXVII) Glossy and dead-mat U papers are also 
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furnished The glossy paper gives maximum brilliance of detail and 
the doad matte permits pencil work upon the print This last finish 
is used by field parties in mapping soils and cov er with colored pencils 
and ink directly upon the copy mosaics 

When the original mosaic and prints are returned fiom the 
photographer the copies aie filed in a loose-leaf binder and the 
originals placed vertically in a special file by counties to facilitate easy 
remov al of individual mosaics for reference 

APPENDIX 

Ihe following notes on the equipment used by the Geological 
Survey of Michigan are added for the benefit of persons interested 
in the making of airplane photograph mosaics 

Assembly board — The assembly board rtsts at an angle upon a 
vertically adjustable wall rack or easel The wall rack is hung from 
a strong metal picture groove m the wall by two light-weight window- 
sash cords These are threaded around grooved shives on a pair of 
overhanging arms, thence they are wound upon a light-weight crank 
shaft near the bottom of the rack This shaft is locked by a sliding 
bolt (see PI LXXXVIII, Fig 1) 

The ovorhanging arms cause the top of the wall rack to press 
firmly against the wail at all times To accommodate different loads 
the length of these overhanging arms is made adjustable by means of 
a senes of holes through any one of which a removable pm fixes the 
position of the outer shive A 4-inch shelf along the base of the 
assembly board provides a convenient place upon which to lay small 
tools between operations 

The variable height of this wall rack is a boon to the assembly 
man who would, without some such device, spend many tiresome 
hours each day reaching over the edge of a flat^topped table Such 
a working posture is poor because air photographs may not be ac- 
curately matched and fitted unless the workman’s line of sight is 
normal to the working surface This reason alone justifies the use 
of some form of wall rack, tilting drawing table, or easel 

A pair of letter files standing side by side make an acceptable 
substitute easel, upon the slightly opened lower drawers of which 
the assembly board is rested 

The assembly boards shown (see Pis LXXXVII1-LXXXIX) 
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measure about 42 by 45 inches They are amply large to accom- 
modate our standard township assembly of 36 square miles on a 
scale of 1,000 feet to the inch They are ordinary soft insulating 
wall board of a brown color, from which the tiny wire staples use d in 
the dry assembly may be easily withdrawn with th< finger nail, an 
important detail 

Since the accompanying photographs were taken a new type 
of nonsuspended wall rack has been designed It consists of an 
assembly-board carnage that runs upon a portable wall frame Tht 
wall frame is made of one-inch pine, four fett wide by be\eri and 
one-half fett high Its top corners press against the wall through 
two felt-covered adjustable bearing blocks, and any tendency to 
tip away from the wall is chockid by means of two projecting ftet 
secure ly bolted to the broad bottom ends of the \ ertical side members 
The assembly-board carnage la equipptd with small flanged wheels, 
which run upon the exposed edges of the two veitical sidt numbers 
of the wall framt These members are narrow at the top and wide 
at the bottom, thus forming an inclined track which, through gravity, 
operates to keep the carriage stated securely at all times The hand 
crank, which is installed upon the wall frame, does not travel with 
the carnage, and because the flanged wheels are mounted at the 
extreme corners of the carnage the stability thus gained permits 
the use of the staple-dm mg machine upon the outer edge of the dry 
assembly board Because the carriage rests squan ly upon the rigid 
wall frame it needs but one supporting rope attached on its center 
line, the rails keep it square at all times 

There is a full-length tray 6 inches wide supported by rnctal 
arms m a position between the operator and the movable carriage 
and on the same level as the back table Thus the tray does not 
move with the assembly board In short, the new unite are portable, 
the hand cranks and working trays do not travel with the assembly 
board, which is held square by its flanged wheels between the side 
rails, and it is much easier to operate 

Table — We use a special back table resembling a flat-topped 
desk, it is 38 inches high and provided with a drawer and some open 
shelves on one side and a special pocket for safe storage of original 
General Land Office maps so essential in the assembly of wild-land 
photographs This table has a brown linoleum top and is ideal for 
wet jobs such as this 
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Stool — The stool is adjustable for haght and the seat rotates 
like that of a swml chair By pivoting upon this stool it is often 
possibh to paform related operations between back table and as- 
sembly Ixmrd 

Stapler lhc <*tuplti in a dtvict similar to the common paper 
stitchers found m many offices for fastening two or more papers 
together with a clinched wire staph I he small wire staple is not 
clinched, but is driven straight into and flush with the surface of 
the photographs on the assembly board Staples may be removed 
fiorn the recommended insulating board with the finger nail or from 
a pme drawing board by uu ans of a pointed and bent lifter furnished 
with each machine (so Pi LXXXVIII, tig 2) 

Trimming board — Two 8-inch squares of thin wall board (de- 
scribed under “mount ” m this Appendix), with the rough side of 
the board beveled off to have a clean shaip edge all around, are 
glued with smooth sides outward to opposite i nds of a 4-meh wooden 
spacer block (set Pis LXXXVIII, Figs 1 2, LXXXIX, Fig 1) 
The 4-inch height of th* spacer block is speeihe d to prevent assembly- 
man’s knuckles from striking the table top whin a print is torn along 
the edge of the trimming board 

Knife A small penknife with a sharp point is necessary for 
scribing and beveling prints A few pieces of 000-size sandpaper will 
keep it sharp t rocus cloth {>olishes the e dge quickly It is essential 
that the knife be sharp at all times 

Straightedges — One long steel straightedge w required for align- 
ment of straight roads and similar features, and a short one of wood, 
or a large triangle of celluloid, or both, are handy for short projec- 
tions and comparisons 

Scales — A 5-foot narrow steel tape, in a round metal case 
smaller than a man’s pocket watch, which reels itself up at the press 
of a center button, is recommended for accurate measurements (see 
PI LXXXVIII, Fig 1) An engineer’s triangular celluloid-edged 
scale, 12 inches long, is m cessary for laying out the average mile m 
the title block under "scale ” 

Needle bar — The term "needle bar” is applied to a brass bar 
iV of an inch square and from 1J to 5 inches long, having a pair of 
needle points inserted into drilled holes at either end and fixed with 
solder A kettle knob, brass ring, or straight piece of self material 
may be fastened to the center of the bar on the top side for use as a 
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handle The points should not protrude more than A of an inch 
The longer bars produce most accurate results, but short bars are 
necessary for occasional small bits of photographs m an assembly 
(see PI LXXXVIII, Fig 2) 

Mount —The mount is a thin hard wall board A of an inch 
thick, of golden brown color It comes m all standard lengths up 
to 12 ftet and is 4 feet wide The finished surface is \ try hard and 
smooth, the reverse side bears the imprint of a fine wire screen 
It weighs about one pound per square foot A smaller size of the 
same kind of board, J of an inch thick, is lighter but less rigid Since 
there is danger of the prints becoming loose through the flexing of 
the mount, this size is not recommended for mosaics larger than 2 
feet square Ihe thicker board is successfully used for mounts as 
much as 4 feet square 

Larger mosaics must be laid upon thicker boards obtainable in 
6-foot widths Loosely bonded boards designed primarily for in- 
sulating valut are not suitable At least one surface should be fairly 
smooth 

Mucilage — Good glue or mucilage is important A quick- 
setting library paste is unsuitable, for each photograph must be 
adjusted after it is applied It must be soluble in water, since some- 
times the assembly must be reworked Any mucilage containing 
water causes photographs to expand The ideal bonding medium, 
therefore, would cause a minimum of expansion Rubber cement 
deteriorates in time and permits edges to curl A heavy commercial 
mucilage made of gum arabic seems to work as well as anything we 
have tried (see PI LXXXIX, Fig 2) Various formulas call for 
from one to two or more pounds of gum arabic to one gallon of water 
The mucilage we are using successfully is hea\ ler in body than that 
made in either of the proportions of gum and water just mentioned 
In addition, it has a pleasant odor and does not become rancid with 
age and hot weather A foul-smelling mucilage is a nuisance around 
any office 

Glue pot — From the original container, which may be a one- 
gallon jug or a one-quart bottle, our mucilage is transferred in ^mall 
quantities to a specially constructed square metal dish Heavy 
gauge copper is recommended for the material, since our first dishes 
made of galvanised steel have begun to rust within a year The dish, 
about 1} inches deep by 4 inches square, is provided, near the front 
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edge, with a crossbar over which the brush is wiped or upon which 
it may be rested (sec PI LXXXIX, Fig 2) 

Brush — A 2-mch varnish brush is used to spread the mucilage 
evenly and thinly Such a brush (ste PI LXXXIX, Fig 2), with 
the bristles vulcanized in rubber, costs about 25 cents 

Paper towels — Tht damp* ned photographs arc laid face down 
upon paper hand towds during thf operation of applying the adhe- 
sive In actual wc t assembly work about one third of the mucilage 
used is discarded with the spent towels Upon first thought this 
may seem an unnecessary waste However, if the face of the photo- 
graph is not kept free from adhesiv e in the first place, the same waste 
mucilage must be sponged off the mosaic surface later, a messy 
operation which can be avoided through the use of paper towels 
(sec PI LXXXIX, hig 2) 

Sponges — Good sponges are absolutely essential t-o good work 
upon air-photograph mosaics Only the btst quality of small-sized 
wool sponges should be considered, and before being used they should 
be thoroughly washed out to remo\e bits of sea shell and gnt I he 
emulsion on a photograph is very tender when wet and a soft wet 
sponge cannot be excelled for sponging and cleaning 

Basin — An 8-inch aluminum basin with flat bottom will hold 
sufficient watt r for sponging purposes 

Wiping cloths — Mention should be made also of the soft cotton 
wiping cloths so useful for rough-drying the wet surfaces of photo- 
graphs and as pen wipers After use they are stiff with mucilage 
and should be thoroughly laundered from time to tune The ad- 
hesive recommended is easily rinsod out in hot water Discarded 
sugar bags are cxcelknt 

Lettering guides — Ownership of or access to a 8ct of mechanical 
lettering guides and pens is very desirable for the finishing of a 
mosaic Tht ordinary draftsman’s instruments also will be useful 
from tune to time, especially the bow pen and the ruling pen 

Air brush — Compressed carbon dioxide gas is used to operate 
the artist’s air brush (shown in PI LXXXVII) employed for touching 
up water areas 

Crayon — A chma-marking crayon m black makes legible marks 
upon glossy prints that may be wiped off completely with a dry soft 
cloth without injury to the photograph 

Miscellaneous — Other items of equipment might include suitable 
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envelopes for sorting and filing photographs by stnps, a quantity of 
mamla Iviaft wrapping paper foi use as a mount cover, gummed 
papei tape inches wide, end quantities of clear celluloid for grids 
from time to Unit t he ingenuity of the assembly man will produce 
special items of equipment, such as celluloid templates foi locating 
the section numlw is 

Iht items of equipment discussed above* are impoitant (mod 
tools are important on any job, aud the diffe re net be twee n good and 
poor results in any work often lests in the te>ols employed lathtr 
than in the ability of the workman At all events, a workman using 
good equipment cannot blame his tools for poor Jesuits 

DHAHTMKNT O* ( ONhKKVA HON 
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ABANDONED CHANNELS OF THE LOWER 
HURON RIVER, MICHIGAN 

JAMES WIUIAM HAY 
IN PRODUCTION 

T HE Huron River is one of the major drainage lines contributing 
to the flow of the Great Lakes system botwwn the head of the 
St CJair Riur and the southwestern end of Lake Fne Its entire 
valley m Washtenaw, Wayne, and Monroe counties 1 has resulted 
from mouthward extension of th< nver over land previously occupied 
by the Huron-Ene lobe of Late Wisconsin glaciation and the sub- 
sequent glacial lakes of the Lake Huron and Lake hne basins 
Between the lowest of these glacial-lake shore lines (that of Lake 
Elkton) and the present drowned shore of Lake Erie there is a net- 
work of distributary channels which the river has abandoned This 
is the Lower Lake Plain section of the nver Its channels tell the 
story of the descent of lake waters in this area from the Elkton level 
to that of Lake Ene 

The features of the Lower Lake Plain section of the Huron Rner 
valley are shown on Map 35, together with the distnbutary channels 
of the Detroit River which connected Lake Rouge and Lake Ene 1 
In order to prevent confusion in their description the Huron River 
distnbutanes are numbered Channels 13, 16-18, and 20-23 are 
shown on the maps of the “Detroit Folio/’ * but arc there undiffer- 
entiated from the present valley floor The others have not previ- 
ously been mappod 

TOPOGRAPHY Of THE CHANNELS 

The Huron River distnbutanes cover an area about ten miles in 
length And four miles in maximum width For the most part they 

1 The distance from Baae I me Lake at the Livingston- Waahteuaw county 
line to Lake Erie is fifty-six valley miles 

1 For the description and interpretation of the Detroit River distnbutanes 
see F Leverett and F B Taylor The Pleistocene of Indiana and Michigan and 
the History of the Great Ijakes, V 8 Oeol Surv , Mon 5$ 487-496 1915 

■ Shenser W H , ** Detroit Folio,” Geol Atlas of the United States , No 205 
1916 Maps of Areal Geology of Romulus and Wyandotte Quadrangles 
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art fiat-bottomed channels measuring from forty or fifty feet to a 
quarter of a mile across and from fi\e to ten feet in dtpth Tht 
majority of them are dry Some are occupied by streams, mostly of 
the intermittent type, too small to ha\e cut the broad depressions in 
which they now flow The Silver Creek channel is a single exception, 
but the headwater portion is dry and shows channel characteristics 
so distinctly that it must be regarded as having tht same origin as 
the others Elections on the flat floors of these features range 
between 675 and 612 feet above sea level, with those channels 
farthest from the cenUr of the system at the highest levels Many 
of the lower channels have cut across the heads of the higher ones, so 
that there is a definite ascent from one to the other lhe present 
river occupies a course which nearly bisects the whole system 
longitudinally 

Channel 1 is occupied for most of its length by Silver Creek 
At its headward end it appears to have drawn water from Channel 7 
and east of the present site of Eockwood, from several of the De- 
troit River distributaries Near the headwater portion it has cut 
deeply into a high sand ndge The extreme head stands higher than 
Channel 7 

On the south side of the mar Channels 2 6 constitute a group 
which carried a large portion of the water and which appears to 
have been abandoned relatively early Channels 7—11 on the north 
side of the river seem to have had a similar history Channel 2 is 
about 612 feet in elevation one and ono-half miles south of its head 
and 586 feet at its mouth It is the largest of the channels Channel 3 
served as a connect ion betw een number 2 and those to the north The 
elevations m Channels 5 and 6 range from 604 to 606 feet above sea 
level , m Channels 7-9, from 601 to 603 feet These were two parallel 
lines of flow with a possible connection by way of Channels 6 and 8 
The present river flows along the southern of these two lines and has 
cut into it, leaving the upper end of Channel 5 as a terrace on the 
south side of the valley Channels 11 and 12 earned water from 7 
and 17 Near their junction with Channel 1 they were connected 
with the Detroit River distnbutanes west of Rockwood 

In the vicinity of Hat Rock a group of distnbutanes which were 
cut lower than those just desenbed indicates that in the later part 
of the development the nver waters had been concentrated in a 
group of channels toward the center of the system This is also 
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true near Rockwood and South Rockwood The Flat Rock group 
consists of Channels 13 17, and possibly 12, which range from about 
585 to 593 feet above sea level The second group is composed of 
Channels 18, 20, and 21, at about 579 to >80 feet elevation 

Channel 19, which appears to have been formed by overflow from 
Channel 2, did not function long enough to cut back by headward 
erosion to the latter "therefore, it must have been abandomd rela- 
tively early 

SUMMARY AND INTERPRETATION 

The pattern and close articulation of the Huron River distribu- 
tary channels indicate that the descent of water from ihe Lake 
Elkton level to the Algonquin stages of Lake Lnc was extremely 
rapid, possibly more rapid than the transition between any of the 
other glacial lakes of the Lake Ene basin Instead of the gradual 
mouthward extension of a single channel, which took place o\ er most 
of the area upstream, the river waters seem to hav e divided into a 
braided system upon a newly uncovered surface of only slight relief 
At first the flow of waters was through the entire network, but as the 
cutting continued the waters concentrated in the channels nearest the 
center of the system, so that these were cut lower than the outer ones 
Channel 1 had its beginning as soon as the lake w aters had low ered 
so that cutting could begin on the sand ndge at its headward end 
This channel appears to have been the first to be discontinued be- 
cause C hannel 7, which was abandoned relatn cly early in t he senes, 
is cut beneath it at their junction There is additional evidence of 
this conelusion in the lower part of Channel I at its intersection with 
the Detroit River distributanes east of Rockwood These channels, 
which were believed to have been formed by overflow from the mam 
channel to the north and which were among the first of the Detroit 
River senes to be discontinued, 4 have the same level as Channel 1 
at the junctions 

Channels 3—11 seem to have been the next to be abandoned 
They stend at higher elevations than the channels nearer the center 
of the system, and distinct breaks of slope occur between 7 and 16 
and between 4 and 14 The relation of Channel 12 to the others is 
uncertain Its head is level with Channel 17, but the connection 
with 1 1 is obscured by recent erosion and a roadway 

4 Leverett and Taylor, op cat , p 491 
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The group composed of Channels 13-18, 20, and 21 were the last 
to become dry The cause of this was possibly one of the two low 
stages of Lake Erie dunng Lake Nipissing and Lake Algonquin 
times 

The present valley bottom is from four to five feet below the 
lowest channel floors between Flat Rock and Rockwood The valley 
is drowned upstream as far as South Rock wood, and a small delta 
covering an area of about two square miles 6 has been deposited in it 

The evidence at hand indicates that the Huron River distributary 
channels were abandoned by down-cutting to a low base level 
Whether this was the low stage of Lake Ene during Lake Algon- 
quin or Lake Nipissing time or both is at present indeterminable 

Waynb University 

Detroit, Michigan 

# Sherser, W H , " Geological Report on Wayne County," Mich Oeol and 
Bud Surv, Publ 12, Geol Ser 9, p 117 1913 



VALLEY-TRAIN DEPOSITS IN THE NORTH- 
ERN PENINSULA OF MICHIGAN 

STANARD G BERGQUIhT 

I N A recent paper dealing with the glacial geology of Iron County, 
Michigan, the writer made special reference to the widespread 
distribution of glacio-fluv lal sediments in the major valley ways 
(PI XC, Figs 1-2) of the area (see Map 36) Attention was called 
likewise to the general occurrence of very fine mlt which is spread out 
as a thin mantle over the surface of the grave 1 trains and is inter- 
spersed through the adjacent interfluvial till plains 1 

More detailed studies, made recently, of the Pleistocene section 
exposed in numerous mine caves within the till-plain area m the 
vicinity of Iron River have revealed a succession of geologic events 
which are not readily recognized on the surface Four distinct epi- 
sodes of Pleistocene activity are recorded in the formations which 
overlie the pre-Cambnan floor These events are associated with 
various stages of glaciation, extending from pre- Wisconsin into late 
Wisconsin 

PRE-WISCONSIN DRIFT 

Basal till sheet 

Resting directly upon the pavement of the pre-Cambnan com- 
plex in the vicinity of Iron River is a sheet of till which ranges from 
twenty to forty or more feet in thickness (PI XCI, Fig 1) It seems 
to be confined largely to the preglacial upland areas and is noticeably 
absent in the rock-sculptured valley floors The dnft here is com- 
posed largely of bouldery till, definitely unassorted but somewhat 
compacted Polished and faceted pebbles, cobbles, and large erratics, 
consisting m the mam of quartzite, gram to, and other acidic rocks, 
together with dark slate and an abundance of more basic types such 
as diabase and basalt, are embedded in the ground mass of distinctly 
weathered clay, silt, and sand 

1 Bergquist, S G , “Glacial Geology of Iron County, Michigan/ Pap M%eh 
Acad Sn , Arti and Letters, 16(1931) 368 1932 
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South of the ullage of Iron Riser, in the Berkshire rave, near 
Gaastra, the drift is of a rust brown and contain 5 * a consider ibk 
quantity of comminuted limomte, ippnrentlj of local origin A 
pebble count of a charutenstu sample of the basal till in this ca\c 
exposure reveals the presence of the following nutirui 


Material Percentage 

Quartzite and quartz 2b 

(oamtp and apJito 8 

I lmomtr (weathered) 12 

Slate (datk-tolorcd) 10 

basalt and diabase 44 


The lirger fragments are dominantly basalt and diabase, with 
quartzite aid quart/ together forming a considerable portion of the 
total content Some of the larger pebbles and fragments of the basalt 
and diabase show but a v try small degree of weathering I he smaller 
fragments, on the other hand, seem to have undergone appreciable 
ck composition and thc> possess an outer thin /one of weathered 
limomte The finer matrix in this till is made up essentially of more 
or less rounded, frosted, and translucent particles of quartz These 
are generally touted with a fine dusting of bmomtic powder, which 
also n e ounts for the color of the formation as a whole No calcartous 
fragments were observed in the sample and no reactions for car- 
bonate were obtained, conditions which may be attributed to the 
greater ige and the more profound weathering of tho drift in fins 
section 

lhrce miles to the north, in the Davidson (No 1) mine cav i , 
in the SW \ , SB J, Sec 14, T 43 N , R 35 W , the exposed basil till 
is ft decidedly lighter or a cinnamon brown, and contains much less of 
the intermixed iron ore In Uus section the older till resembles more 
the younger surface drift, in composition as well as in color In a 
characteristic sample of the drift from tins locality there was found 
the following material 


Percentage 


Quartzite and quartz 36 

Granite and aplite 14 

Schist (much weathered) 3 

Limestone and dolomite (fresh) 6 

Slate (dark-colored) 15 

Basalt diabase and diorite 26 
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Although the stratigraphic relations of the basal till in the Berk- 
shire and Davidson mine caves are identical so far as bedrock and 
overlying gravel deposits arc concerned, still there is a substantial 
difference in composition and likewise in the degree of weathering 
In the basal till of the Davidson cave the larger pebbles and cobbles 
are somewhat smoothly pohshod and some are dehmt ely faceted 
They are composed essentially of quartzitic and basaltic fragments 
with a predominance of the former The smaller pebbles, those below 
the size of a small pea, are angular to rounded and seem to lack the 
smoothly polished surfaces which characterize the larger fragments 
The finer-textured portion of the drift is made up largely of angular 
to rounded frosted grains of quartz, with a subordinate assemblage of 
intermixed fragments of fairly fresh basalt, diabase, and dark-colored 
slate The sample contains also some unweathered limestone and 
dolomite pebbles, together with scattered minute wcathired frag- 
ments of the same material, and yields a hlxrd amount of effenes- 
cence with dilute HC1 It is apparent from the calcareous character 
of the basal drift in the Davidson mine cave that weathering has not 
progressed to the same advanced degree as m the Berkshire cave 
This may be due to one of several circurnstanct s, 01 to a combination 
of them, among which may be uted (1) the rtlitive age of the 
deposit in the two localities (2) the possibility of more rapid burial 
of the gravel plain in the Davidson cave area owing to a sudden 
abrupt readvance of the ice before much weathering had been ef- 
fected, and (3) the variations in the source of material included 

On the premise that there is a decided difference in the age of the 
material of the deposit m the two areas, it may be inferred that the 
rate of retreat of the ice sheet which contributed the till was ex- 
tremely slow 

FARLY WISCONSIN DRIFT 

Glacto-jlimal sediments 

Immediately above the basal till sheet in the upland interflm os 
and lying more or less directly in contact with the rock floors of the 
intervening valley ways there is a formation composed essentially of 
stratified glacio-fluvial sediment This deposit, ranging in thickness 
from fifteen to forty or more feet, is made up of alternating beds of 
gravel and sand of varying degrees of texture (PI XCJ, Fig 2) 
Subangular to rounded grams of quarts comprise the bulk of the 
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constituents in the finer material, although subordinate amounts of 
basalt and slate are also intermixed The pebbles and cobbles of the 
coarser fractions are fairly well rounded, and many exhibit distinct 
triangular faceting 

This intermediate formation of stratified drift is well exposed in 
both the Berkshire and the Davidson caves, where it restB upon the 
basal till A pebble count was made of characteristic samples of the 
deposit from each of these localities, and the comparative results are 
given in the accompanying table It will be seen from the tabula- 
tion that quartsitic, granitic, and basaltic constituents predominate in 
each of the samples It is noteworthy that the dark-colored or basic 
rock fragments appear not to have undergone a great amount of 
weathering, for they are as fresh as the light-colored constituents 


Berkshire Cave Davidson Cave 
Material Percentage from Percentage from 

100 pebbles 200 pebbles 


Quartaite and quarts 27 35 

Granite and aplite 21 17 

Gneiss 1 0 

Schist (fresh) 1 1 

Schist (weathered) 7 0 

Limestone and dolomite (fresh) 9 6 

Sandstone 2 2 

Basalt, diabase, and dionte 23 30 

Slate (dark-colored) 9 8 

Lignite 0 0 5 

Banded jasper 0 0 5 


It is questionable whether this intermediate bed of Btratified ma- 
terial is associated with the ice invasion which is related to the older 
basal till or to that which developed the overlying surface sheet 
The mineral and rock fragments, however, more nearly correspond 
m composition and degree of weathering to the younger rather than 
to the older drift In all events it lies between the two till sheets and 
is intermediate in age 

That the stratified deposit la of widespread and extensive occurs 
rence is recognised by its presence in various oaves, shafts, and drill 
holes scattered through the area It appears to form a more or less 
continuous feature below the surface cover throughout the greater 
portion of the till plain 
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MIDDLE WISCONSIN DRIFT 

Surface HU sheet 

In the upland areas which form the divides between the adjacent 
valley ways there 1 $ superimposed upon the stratified formation a 
younger till sheet which m the exposed portions ranges from twenty 
to thirty-five feet in thickness It is undoubtedly much thicker m 
certain areas This till sheet was laid down by a tongue of ice located 
directly west of the Green Bay lobe, referred to by Weidman* as 
“the Langlade lobe ” It deployed across the area m a generally 
northeast-southwest direction The numerous drumlms which are 
distnbuted over the surface of the till plain in the vicinity of Iron 
River are more or less parallel in their alignment and strike in a 
direction which varies from S 5° W to S 40° W This is in accord 
with the trend of the glacial striae which are found on the rock pave- 
ment in various localities The drift in this plain is composed of 
bouldery clay intermixed with a considerable amount of gravel and 
cobble, which may have been derived either by incorporation of 
material from the gravel plain which the glacier overrode or through 
glacio-fluvial activity within the advancing ice sheet 

The constituents of the surface till plain are largely fragments of 
quarUitio, granitic, and basaltic derivation Quart* predominates, 
however, in both the coarser and the finer fractions of the drift, al- 
though the more basic materials are likewise important The frag- 
ments of rocks and minerals, whether of basic or of acidic nature, do 
not show evidence of excessive weathering and appear relatively fresh 
in the mixture Intercalated with the coarser till and at times at- 
taining a thickness of several feet in the surface depressions and 
pockets is a finely comminuted siltlike material which in composition 
and physical character bears a very close resemblance to the fine flu- 
vial flour which mantles the surface of the adjoining valley-train de- 
posits It soems quite probable that this finer sediment was carried 
on to the tiU-plain area from the valleys by wind activity and is thus 
of aeohan development 

LATE WISCONSIN DRIFT 

Hie late Wisconsin drift of the area is associated intimately with 
the activities of the Superior lobe, which moved into the Lake 

* Weidman, Samuel, “The Geology of North Central Wisconsin,” W\a 
Qto l and Nat H%* 8wv , Bull IS, Ser 4, p 402 1007 
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Superior basin from the northeast and ad\ anced southward across a 
small portion of the Northern Peninsula The terminal moraine 
which is associated with the activities of this ice tongue hos directly 
to the north of the till plain of the Middle Wisconsin invasion, it has 
been described in some detail in a previous paper 3 

Fxtending southward from the terminal moraine of the Superior 
lobe the glacial valleys arc fairly well filled with glacio-fiuvial sedi- 
ments These weTe deposited as v alley trains by melt waters issuing 
from the dissipating ice border during the waning stages of glacial 
activity The valley-tram deposits (PI XCII, Fig 1) are composed 
of alternating layers of coarse and fine sediment and contain a pre- 
dominance of smoothly polished and faceted fragments of quartz, 
quartzite, and granite, with scattered basic materials such as diabase, 
basilt, and diorite and occasional dark-colored slate The various 
gradations of texture developed in the stratified sediments of the 
valley ways is indubitable evidence that the velocity and volume of 
the water fluctuated from time to tune during the process of sedi- 
mentation 

A section through the valley-train deposits shows stratified ma- 
terial to be more or less persistent down to the floors of the valley in 
which deposition took place The basal portion of the well-sorted 
material is intercalated with boulders and large erratics, which are 
undoubtedly the concentrated remnants of the oldest till Occasional 
scattered erratics are found also in the higher levels of the deposit 
and may represent the concentrated residuals of the younger till 
sheet The apparent absence of finer till in the lower part of the 
valley-train deposits seems to harmonize with the view that in the 
early stages of deglaciation by the Langlade lobe protracted melting 
continued to supply an abundance of melt water as the glacier re- 
treated slowly northward to lay down its load of till plam The en- 
suing streams oocupying the partly filled depressions proceeded to 
scour out the finer portions of the basal till and left the coarser and 
heavier residuals as concentrates on the rock floors 

The closing chapter of Pleistocene activity in Iron County is 
related to the deposition of a layer of silt which forms a comparer 
tiv ely thin mantle over the surface of the gravel in the valley trains 
(PI XCII, Fig 2) This deposit of fine material was undoubtedly 
carried mto the valley ways as glacial flour by slowly moving melt 
• Bergquist, op c%i > pp 366-367 
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waters which issued forth from the margin of the last remnants of the 
waning ice in the Superior lobe It represents the product of final 
deglaciation within the area and is unquestionably associated with 
fluvial activity The silt is not umfoim in depth throughout the 
valley trains, but ranges from merely a few inches to six or more feet 
It rests directly upon the gravel and marks definitely an abrupt 
change in the transporting ability of the streams which occupied the 
\ alleys 

The fine surface fluvial flour of the valley trains is composed es- 
sentially of subangular to rounded particles of quartz interspersed 
with a small amount of minute fragments of granite, gneiss, and 
dark-colored, more 01 less basic, rock The predominance of quartz 
seems to substantiate the opinion that acidic rocks rather than those 
of basic character contributed largely to the m tt( rial 1 he basic rock 
constituents which are scattered through the mixture arc not unlike 
the quartz in texture and structure Although fragmented by me- 
chanical wear, they still retain their original properties and show no 
more evidence of weathering than do the associated quartz particles 

The view has been advanced by several pedologists that the 
surface mantle of silt in this area is merely the weathered product of 
underlying parent gravel and that weathering has progressed rapidly 
to form the finer mantle because of the predominance of included basic 
rock fragments Microscopic examination of the material revtals, 
however, that although quartz is the predominant mineral there is 
also a relatively large amount of unweathered basic constituents 
If the ordinary processes of weathering have been able to change 
coarse gravel composed m large measure of quartzitic and granitic 
pebbles into a fine rock flour in a region so recently dcglaciated, it 
seems logical to expect similar relationships, but on a much broader 
scale, to exist in the Southern Peninsula, where the surface has been 
exposed to weathering agents for much longer periods The theory 
so commonly held by pedologists, that surface soils should be related 
to the underlying parent material through the simple process of 
weathering, does not seem to hold true in this area Other geological 
factors besides weathenng must necessarily be brought into the 
picture to account for the succession from very coarse to very fine 
textures as developed in the materials of these valley trams 

Podsolization has played an important r61o in the development of 
a distinct profile in the surface silts. But, unlike the vertical changes 
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ordinarily found in a podsohzed soil, there appear here to be two 
definitely bleached horizons Invariably, in the upland silts as well 
as in those of the valleys, the surface-bleached podsol is underlain by 
a dark brown illuvial layer with a heavy concentrate of iron oxide 
Then follows a second bleached zone, not quite so light in color as the 
surface podsol but, nevertheless, much lighter than the overlying 
brown layer This bleached horizon ls underlain by a second brown 
subsoil, which in turn may be followed by either a darker or a 
lighter tone before reaching the gravel floor The lower bleached 
horizon is of geologic significance m that it probably marks the po- 
sition of a former surface in which weathering had progressed suffi- 
ciently to initiate a podsol condition But before the process was 
very far advanced there was a renewal of sedimentation, which may 
have resulted in a complete mantling of the older soil, with consequent 
termination of the bleaching activity 

In the upland interfluves of the till-plain topography the fine silt 
may be traced for some distance back from the valley ways Here 
it is thinly spread out m patches over the surface or intermixed with 
the material of the till plain In areas where the accumulations are 
of appreciable thickness they resemble very much the deposits in the 
valley ways in both mineral composition and profile 

On the basis of their honzonal and textural similarities it seems 
plausible to assume that the upland silts are genetically closely related 
to the valley silts The writer is of the opinion that the fine flour 
which occupies the surface of the till-plam area was translocated by 
wind from the adjacent valley-tram deposits during intervals when 
only a small amount of water flowed through the valleys Then the 
finer material of the valley flats situated above the channels had an 
opportunity to become thoroughly desiccated and was lifted into 
the atmospheric circulation and transported, sometimes for consider- 
able distances, before finally settling There is a strong suggestion 
that the lower bleached horizon in the upland rock flour deposits may 
represent a former surface exposed to weathering during the interval 
when fluvial activity was finally restored in the valley ways The 
last melt waters which flowed into the valleys were capable of trans- 
porting merely the finer mite, although occasionally the velocity was 
increased sufficiently to mo\ e fine pebbles, which became intermixed 
in the mantle While the depressions were occupied with slow mov - 
mg waters, translocation by the wind was minimized Hence at the 
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time of renewed fluvial deposition in the valleys the upland deposits 
were subjected to weathering, with the result that a weak podsol 
layer was dev eloped When fanally the ice sheet retreated northward 
to the point where melt waters could no longer find access to the 
train-filled valleys, desiccation again became an effective process 
and the finer silts were subjected to renewed atmospheric shifting 
They were then in part earned out of the depressions and on to the 
adjacent uplands, whore they were spread out over the podsoled sur- 
face Eventually the encroachment of vegetation caused the soils 
to become more or less fixed, and then followed the natural sequence 
of weathering activities and the development of an upjser podsol 
horizon in both the lowland and upland deposits 

Thus, m conclusion, it may be inferred that fine sediments in the 
valley-train deposits are definitely of fluviatile origin On the other 
hand, the mantle silts of the uplands, although originally water-laid, 
were subsequently transferred by the wind and deposited e\ entually 
as loesaial material 

Michigan Statu Colibgu 
East Lansing, Michigan 
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DISCOVERY OF ELEPHAS PRIMIGENIUS 
AM ERIC ANUS IN THE BED OF GLACIAL 
LAKE MOGODORE, IN ('ASS ( OUNTY, 
MICHIGAN 

HIM INF C CASK, IRVING V> SCOTT, BVRNF M BADFNOCH, 
AND THEODORF F WHITE 

I N 1929 the Museum of Paleontology of the University of Michigan 
mened word of the divowrv of large bones in a marl pit near 
the small villige of Union in Cass County, Michigan Investigation 
rtvealed that these were the Ixmes of an elephant Sinct such re- 
mains are relatively scarce in Michigan, the material was carefully 
preserved and is now mounted in the Hall of Evolution in the Uni- 
versity Museums Building 

The skeleton was found during the excavation of a marl bed m 
the northwest corrnr of Porter Township, Cass County, Section 32, 
lownship 7 S , Range 13 W Mr George Wagner, the owner of the 
pit, most generously donated the specimen to the University and 
aided matt nally m its recovery 

The position of the specimen gave an opportunity for a more ac- 
curate dal mg than any previously discovered, and so the help of 
Professor I D Scott and certain of his advanced students was en- 
listed to determine what could be made out from the associated glacial 
and physiographic features concerning the time of burial The follow - 
ing is a report of the combined findings of all engaged in the study 
The specimen consisted of the major portion of the skeleton of an 
adult individual The skull and tusks were not found, but all four of 
the cheek toeth were recovered in good condition These teeth were 
determined by Dr H i Osborn, of the American Museum of Natu- 
ral History in New York, as those of Elephas pnmtgemus amencanus , 
the woolly or hairy mammoth of the American continent 

The humerus measures 3 feet 11 inches in length, which indicates 
a height of 10 feet 0 inches at shoulders, and a length of over 13 feet 
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from the base of the tail to the base of the tusks, somewhat larger 
than the Indian elephant commonly seen in the circus or zotflogtcal 
garden Because of the absence of tusks, which reach a large size in 
the male, it is believed the skeleton is that of a female 

The skeleton lay upon a yellowish, clayey sand which formed the 
bottom of the lake in which the marl developed Above the speci- 
men lay 8 feet 8 inches of undisturbed marl, mostly white, but with 
bands of a brown and bluish color The marl is an almost pure 
calcium carbonate, formed from the shells of fresh-water m\ ertebrates 
and by direct precipitation from the water According to a personal 
communication from Mr Calvin Goodrich, curator of molluscs m 
the Museum of Zoology, the abundant shells of lamelhbranchs and 
gastropods preserv od in the marl are indistinguishable from those of 
living forms The undisturbed condition of the marl beds shows that 
the cadaver was deposited before the marl was formed and did not 
sink down through all or any part of it at any subsequent timo The 
condition of the bones, some badly injured by decay and the skull 
almost entirely destroyed, indicates that they lay partly exposed to 
the air for some time before burial These are important points, 
since they date the deposition of the specimen at the beginning of the 
formation of the lake 

The examination of the physiographic evidence by Professor 
Scott and two of his advanced students, Mr B M Badenoch and 
Mr T E White, leads to the following considerations 

The glacial deposits of the region south of the Saginaw-Grand 
lowland were formed by the Wisconsin ice sheet The Kalamazoo 
Mississinawa morainic system may be taken as characteristic It 
consists of three parts, a western part with a northeast-southwest 
trend formed by the Michigan lobe, a central part with a northwest- 
southeast trend formed by the Saginaw lobe, and an eastern part with 
a northeast-southwest trend formed by the Huron-Ene lobe It will 
be seen from the map (Map 37) that these three sections form a large 
rectangular reentrant 

The KalamazooMississmawa morainic system marks the first 
great halt of the receding ice front Three earlier minor halts are 
indicated by the Lagrange, Sturgis, and Tekonsha moraines which, 
although not continuous, have a northwest-southeast trend and there* 
fore were deposited by the Saginaw lobe It is important to note 
that there was a readvance of the ice to form the Tekonsha moraine 
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and that the Lake Michigan sector covered the western ends of the 
Lagrange and Sturgis moraines 1 This adv ante was sufficient to cov or 
the basm m which the skeleton of the elephant was found and for 
which the name “Lake Mogodore” is proposed Ibis name was ap- 
parently used first by Mr John bby, a former resident of the region, 
who probably derived it from the earlier name of Chapel Hill school- 
house near the find of elephant bones, and from the local n vme, 
Mogodore Valley, applied to the lower end of the depression fornurly 
occupied by an extension of the lake 

The borders of Lake Mogodore are identified by a well-defined 
offshore terrace, often consisting of marl, and in places by low, wave- 
cut cliffs The terrace stands between thirty-five and forty feet 
above the present level of Shavehead Lake and at about the same 
height above Carter Lake At Birch Lake, however, the terrace is 
only about six feet above the present lake level At its greatest 
extent Lake Mogodore had a total length of about six and onc-half 
miles and a maximum width of about one mile It was irregular in 
shape and contained several islands, some of which were topped by 
wave action It covered nearly all of Sections 7, 18, 19, 30, 32, the 
southwest part of Section 5, the southeast part of Section 6, tho 
northeast part of Section 31, the southwest part of Section 29, and 
the west half of Section 8, all in Township 7 S , Range 13 W (Sco 
Map 38 ) 

The present drainage startB with Birch Lake, which is the highest 
in the Mogodore Basin It discharges southward into the western 
arm of Shavehead Lake The outlet of the latter lake takes a south- 
easterly course and is joined by the drainage of Carter Lake at the 
head of the Mogodore Valley The stream continues to the south and 
east into Long Lake and thence into the St Joseph's River Ihe 
drainage of Lake Mogodore followed approximately the same course 

From the explanation given above it is evident that Lake Mogo- 
dore came into existence after the recession of the ice from the 
Tekonsha moraine The condition of the bones necessitates postu- 
lating a rise in the level of the lake to its maximum stage but, un- 
fortunately, no physiographic evidence of this was found 

The date of bunal of the elephant is uncertain It surely post- 
dated Tekonsha time and must have been previous to the draining of 
the lake, tbe date of which is not known Assuming burial to have 
Frank Loverett, personal communication 




Mxr 38 \ portion of Cana ( ounty Michigan, showing the Bite of glacial lake 

Mngodore and the find of Elephas jinmigemu * un 

taken place during the tune between tlu formation of the Tekonwha 
and Kalamazoo moraines, the following glacial history ensued 'I he 
Kalamazoo-Mismssinawa system was followed by the balamome, the 
Wabash, and the Fort Wayne moraines, all of major importance 
The recession of the ice from the Fort Wayne moraine initiated a 
senes of glacial lakes with Maumee, Arkona, Wliittlesey, Warren, 
Algonquin, and Nipissing as the mam stages 

It is impossible to state with any certainty the duration of this 
time m terms of years, and any attempt must be in the nature of an 
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estimate Our best clock is Niagara Gorge, which was started m 
Algonquin time According to Dr Frank Leverett m a personal 
communication, it has taken Niagara River approximately 18,000 
years to carve the gorge The same authority places the Tekonsha 
moraine at somewhat less than 35,000 to 40,000 years ago Thus 
the elephant must have lived in southwestern Michigan at some time 
less than 35,000 years ago, but how much later the genus survived in 
the state is still a question 

University or Michigan 



THE LOWER CHEEK TEETH OF THE FOSSIL 
HARE PALAEOLAGUS HAY DEN I 

LEE R DICE AND DORA S DICE 

T HE lower cheek teeth of the fossil hare, Palaeolagus haydent 
Lcidy, exhibit numerous changes during the life of the individ- 
ual, and the teeth of young animals differ greatly from the teeth of 
old animals The changes in teeth during growth are so considerable 
that specimens of this one species have been assigned to four genera 
and to three different subfamilies of the Lepondae 

Leidy 1 in his original description of Palaeolagus noted that some 
changes in the teeth are correlated with age Troxell 1 also has 
described briefly some of the stages of wear on Ihese lower teeth 
By bringing together a large number of specimens from several mu- 
seums we have been able to make a more detailed study of these age 
changes Since Troxell has desenbed in some detail the age changes 
in the upper teeth, we have confined our attention to the lower 
senes 

Among the material which we have examinod for this study are 
one hundred and ten fragments of lower jaws kindly loaned from the 
collections of the United States National Museum These specimens 
were collected in the years 1886-88 by J B Hatcher, and are from 
the White River Formation, probably in the Hat Creek Basin, Sioux 
County, Nebraska George F Sternberg has courteously allowed the 
examination of the types of Proiolagus affirms and Archaeolagus 
strtaius , which were collected in Central Wyoming The Peabody 
Museum of Yale University has generously loaned over four hundred 
parts of lower jaws, most of which are from the Oligocene (probably 
Brule clay) of Nebraska, but a few are from localities in Colorado 
and Wyoming 

1 Leidy, Joseph, “On the Extinct Mammalia of Dakota and Nebraska, 
Including an Account of Some Allied Forms from Other Localities/’ Joum 
Acad Not 8c I PhUa , Ser 2, 7 331-334, PI 26, Figs 17-20 1869 

1 Troxell, E L, “Pal©olagus, an Extinct Hare/* Am Joum> Sc t, 1 346- 

348 1921 
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A small amount of \anation occurs between different specimens 
of the same tooth at comparable ages, but there is, nevertheless, a 
great deal of similarity in the senes of specimens at hand, and wo 
believe that all the material here described belongs to the single 
species Palaeolagun haydeni It is probable that several races or 
subspecies are represented, for much of the matenal lacks precise 
data of locality and formation Some of the specimens from the 
Peabody Museum which we have used in this study have been labeled 
by Troxell as belonging to the subspecies Palaeolagui haydeni agapetit - 
lus and P h intermedtus, though most of them are assigned to the 
typical subspecies Since these three subspecies art separated by 
Troxell only on the basis of size, we have treated them together in 
considering the effects of age and wear on the characters of the teeth 
The figures of the teeth were made by Grace Eager The enamel 
pattern of each tooth was drawn separately with a camera lucida 
from a point of view parallel to the length of the tooth 

The youngest teeth in the lower }aws which we have examined are 
the third and fourth deciduous molars No trace so far has been 
found of either the first or the second deciduous lower molars 

The most anterior milk tooth (DP*), when first erupted, is made 
up of three principal transverse cusps, all of which rise mto sharp 



Fid 7 Palaialagu* haydeni DP* and DP* from 
inner side, X 12, anterior cusp of DP* some- 
what broken Peabody Museum, No 13790 


crests (Fig 7) Enamel surrounds all the cusps On the inner 
surface of the posterior lobe there is a small reentrant angle of enamel 
(Fig 8) With wear the anterior cusp and the middle cusp become 
joined together near the middle of the tooth by a neck of enamel 
(Fig 9) At about the same time, sometimes earlier and sometimes 
later, the posterior and middle cusps also become joined near the 
middle of the tooth (Fig 10) With still further wear the posterior 



457 


Cheek Teeth of Palaeolayits 

cusp and the middle cusp become joined by enamel on the inner 
surface of the tooth, and thneby cut off an island of enamel (1 lg 1 1) 
At this time the anterior cusp has almost entirely disappeared, being 
represented only by an enamel island toward the inner edge of the 
tooth, and by a shallow reentrant angle on the outer edge of the 
tooth A somewhat different angle of weir on DP 3 is shown in 



Figs 8 13 PcUaeolagua hatfdem hnamel patterns of lower (IwhIuoub molars 
X 0 Peabody Museum, Nos 13791, 12075, 13703, 12071D, H794, 13795 

Figure 12 where the anterior cusp has entirely disappeared, and the 
posterior and middle cusps art joined in the middle of tho tooth 
In a slightly later stage of wear (Fig 13) both reentrant angles are 
much reduced, though enamel still completely surrounds tho tooth 
In very late stages of wear (PI XCII1, Hgs 1-2) DP 4 has entirely 
lost the internal reentrant angle, but the external reentrant angle 
still persists In this very late stage of wear emmel occur? only ou 
the outer bonk r of the tooth and m the reentrant angle 

The roots of the anterior deciduous molar (DP*) penetrate duply 
into the jaw, almost coming into contact with the root of the muso r 
When the crown of this deciduous molar has disappeared the rooU 
remain in place for a short time The strong anterior root of 1>P is 
directly an front of P 5 (PI XC1II, Pigs 3 4, text Fig 14) and on 
casual inspection might be mistaken for a more anterior knth Ihe 
posterior root of this milk tooth lies toward the outer side of the jaw 
between P* and P 4 

The fourth deciduous molar (DP 4 ) at its first appearance (Pig 7) 
is made up of two principal transverse cusps, which rise into sharp 
crests A strong posterior lobe is attached to the posterior cusp 
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(Fig 8) Enamel surrounds all the cusps With wear the two main 
cusps become joined by enamel on their outer borders, and the tooth 
then has a rounded outline with an external reentrant angle extending 
completely across (Fig 11) At this stage the enamel of the two 
pillars comes into very close contact in the middle of the tooth and 
gives an appearance almost of fusion, but in none of the specimens 
which we hav e examined is there an enamel connection at this place 



Figs 14-19 PaJaeolagut haydem Enamel patterns of lower cheek teeth, X 6 

Fig 14 Right P«, P* M,, M, U 8 N M , No 13668 In front of P. 

appears the broken anterior root of DPi 
Fig 16 Left P,. P, U S N M , No 13669 

Fig 16 Right P*, P 4 , Mi, Mi, M* Type of Proiolayut ajfinu$ Walker 
Coll of Geo F Sternberg, No 26 
Fig 17 Right P., P 4 , Mi USNM.No 13660 
Fig 18 Left P. f P 4 V S N M , No 18661 

Fig 19 Right P„ P* M», M„ M, V S N M , No 18662 

In a late state of wear (PI XCIII, Figs 1-2) the large external 
reentrant angle of DP 4 is much reduced and extends only about 
halfway across the tooth In this stage of wear enamel is present only 
on the reentrant angle and on the outer surface of the tooth 

The two deciduous molars show a surprising correspondence in 
the details of their enamel patterns with the premolars which replace 
them The enamel pattern on the face of P* during a mature stage 
of wear is characterized by strong internal and external reentrant 
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angles which nearly meet in the middle of the tooth Its milk tooth 
(DPO has a similar shape during one period of us wear In its 
mature condition P< has a strong external reentrant angle which 
extends comphtely across the tooth Its milk molar (PP«) has 
similar characters dunng a part of its wear, and the milk molar even 
has for a time the posterior lobe on the tooth which is so character- 
istic of the early stages of wear on P 4 



Fiq 21 Fm 22 >ig 23 >ia 26 Fio 26 


>108 20-26 Palaeolagux haydent Enamel patterns of lower cheek teeth, X 0 
Fio 20 Right P, P. U S N M No 13563 
>io 21 Left P, P* U8NM, No 13564 
>30 22 Right P* P 4, M J( Mj Peabody Museum, Vo 13789 
Fio 23 Right P«» P< Mi, Mi, Mi Type of irchaeofagun ntnaliui Walker 
Coll of Geo > Sternberg, No 27 
Fia 24 Right P 8 , P 8 Peabody Museum No 13796 
Fuj 25 Right P» P <( Mi Mt Peabody Museum, No 13797 
Fio 26 Uft M s U S N M , No 13565 

At the age when the two milk molars are still m place, though 
much worn, the first two true molars are already in position (PI 
XCIII, Figs 1-2), but the third molar has not yet erupted The 
fourth premolar erupts before the third, and may show considerable 
wear before the third deciduous molar Is lost (PI XCIII, Fig 3) 
The thirtf lower premolar, when it first erupts, consists primarily 
of two large transverse pillars, one anterior to the other and con- 
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nected broadly m the middle of the tooth by cement (Fig 14) 
When it is first erupted a tme of emutitl extends around each pillar 
and is thickest on the posterior border of the pillar The anterior 
pillir at its tip is invaded from m front by a broad shallow valley 
(PI XCIII, Pig 3), which does not descend much below the summit 
of the cusp, and which therefore disappears shortly after wear begins 
on the tooth With only a small amount of wear the two pillars 
making up P 3 become connected in the middle of the tooth by an 
isthmus of enamel (Pig 15) 

A small reentrant angle develops on the inner surface of the 
posterior pillar of P 3 soon after wear begins on the surface of the 
tooth (P'lg 14) lhis reentrant angle enlarges with further wear 
(tig 15), but soon again diminishes (Fig 16) Ihe tooth at this 
stage has two internal reentrant angles At the next stage of wear 
(Pig 17) the neck of the more posterior internal reentrant, angle has 
become constricted (Pig 17), and the last stage of the angle is 
represented only by an island of enamel (P'lg 18), which soon dis- 
appears (Fig 19) The whole process is passed through very early in 
the life of the tooth, and in all the later stages of wear on P* there is 
no trace on the posterior pillar of an internal reentrant angle 

In some young specimens of P* there is a small indentation of 
the enamel on the pos tenor-ox tenor border of the posterior pillar 
(PI XCIII, Pig 6), and this indentation, together with the internal 
re< ntrant angle which is on the posterior pillar at this stage, produces 
a posterior lobe on the tooth similar to, but smaller than, the posterior 
lobes on P 4 , Mi, and Mi in their early stages of wear 

On one unusual specimen of P 8 a small lobe is attached to the 
anterior face of the anterior pillar (PI XCIII, Fig 6) This lobe 
does not extend far down the tooth, and would disappear after a 
bnef period of wear 

rhe general shape of P 3 during a considerable period of middle life 
is that of a compressed hourglass (P lg 19) With further wear the 
neck of the mam internal reentrant angle begins to constrict (Fig 20), 
and then closes off at the edge of the tooth, leaving an island of 
enamel (Figs 21-22) to mark the former position of the reentrant 
angle With still more wear the island disappears and the external 
angle becomes reduced m depth (Fig 23) In very old age all the 
reentrant angles are gone and the tooth is roughly ovoid (Figs 24-25) 

On the older specimens of P» the enamel is much thicker than 



461 


Cheek Teeth of Pataeolagus 

during the earlier stages of w ear On the other mnlanforra teeth also 
there is a bimilar thickening of the enamel in old ago In tho very 
oldest specimens of Pi enamel is lacking on the mm r surface, though 
it is still present as a thick plate on the outer surface 

The fourth premolar erupts tiefore the third, and its face shows a 
small amount of wear at Uu time when the third deciduous molar is 
lost (PI XCIII, tigs 2 3) At its first appearand P 4 is made up of 
two independent trnns\ erae pillars, one anterior to I ht other (Pig 14) 
lhc two pillars are connected only bv cement Then is a posterior 
lobe on the hinder edge of the posterior pillar and this lobe is set off 
mainly by two posterior reentrant angles, the inner one of which 
is the deeper With continued wear the posterior lobe becomes more 
prominent (Pig 15), mainly by the deepening of the outer one of 
th< two re< ntrant angles wttmg it off Howcvc r, this posterior lobe 
exists during only a brief period of wear, for m the stage of wear 
represented by Pigure 16 it has entirely disuppt ared 

Each of the two pillars making up the slightly worn P 4 is sur- 
rounded by enamel, which is quite thick along the posterior edges of 
the pillars In older ages the enamel becomes thicker, but in the 
oldest (Figs 22-24) it is lacking on the inner surface of the tooth 
The two pillars of P 4 maintain their distinctness o\er a ’ong 
period of wear (Figs 15 20) Finally they become joined by enamel 
on the inner border of the tooth (Fig 21), and the tooth then has 
a somewhat rounded shape, with a deep external reentrant angle 
The external ret ntrant angle, when first formed, extends completely 
across the tooth With further wear it becomes shortened (Pigs 
22-24), and m the oldest specimen which we have seen (Fig 23) it 
extends only about one third of the way across the tooth 

The history of the first and the second true molars is very much 
like that of P 4 Both Mi and Ms are in position and are very slightly 
worn at the time of the eruption of P 4 At their first appearance ea Ji 
of these molars is made up of two transv erse pillars, one anterior to 
the other and connected only by cement When but slightly worn 
each of these teeth has a conspicuous posterior lobe (PI XOIII, 
Figs 1-4) With wear the posterior lobes on these molars soon dis- 
appear (Figs 16 and 19) , the lobe on Mi goes before the one on M 2 
The two pillars forming each molar eventually become united by 
enamel, so that, as in P 4 , tho teeth come to have deep external 
reentrant angles With wear the depth of these ret ntrant angles is 
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reduced (Figs 22-24) In the oldest specimen at hand (Fig 25) the 
reentrant angles of Mi and M* extend only about halfway across the 
teeth Throughout early and middle life enamel completely sur- 
rounds both Mi and M 2i but in the oldest stages of wear enamel is 
lacking on the inner border of these teeth (tigs 22-23, 25) 

The third lower molar (M*) erupts at about the same time as P a 
(PI XCIII, Figs 3-4), and at its first appearance it is made up of 
two pillars, one placed before the other m position, and each sur- 
rounded by enamel (tig 19) An exceptional specimen of M* 
(PI XCIII, Fig 5) has a posterior lobe like that of the other molars 
With wear the two pillars of Ms become joined by a neck of enamel, 
so that there results a tooth (Fig 16) with an external reentrant angle 
of enamel extending nearly across and nearly meeting a small internal 
groove At a later stage of wear M* is rounded and has a moderately 
deep external reentrant angle (Fig 26) At this age enamel still 
completely surrounds the tooth In the oldest stages of wear M s 
consists of a single flattened plate with enamel only on its outer 
edge (Fig 23) 

The order in which the several teeth erupt is not exactly uniform 
in the different lower jaws which we have examined Thus in 
Figure 19 a stage of slight wear on Mi is associated with a more ad- 
vanced stage of wear on the other teeth, whereas in Figure 16 an 
advanced stage of wear on M* is associated with a less advanced 
stage of wear on the other teeth 

The very considerable changes which have been described above 
as occurring in the characters of the teeth of Palaeolagus hay deni t 
during the growth of the animal, have misled paleontologists into 
describing a number of species, genera, and even subfamilies from 
specimens which we believe belong to this one species 

Cope* based his genus Tnctum on the presence of the third 
posterior lobe on certain of the molars Tncxum avunculus t T lepo- 
nmm t and T annae seem all to be synonyms of Palaeolagus haydent 
Walker 1 * * 4 based the subfamily Protolaginae on the presence of a 
second reentrant angle on the inner face of P« We have been allowed 
by George F Sternberg to examine the type of Protolagus affinus 

1 Cope, E D , “Third Notice of Extinct Vertebrate from the Tertiary of 

the Plains,” Palamnld Bull , No 16 4-5 1873 

* Walker, M V, “Notes on North American Fossil Lagomorphe,” The 

Aermdt Kama* Stole Teachers Coll Quart (Hays, Kansas), 2, No 4 238 1931 
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Walker, on which the subfamily Protolaginie w based, the enamel 
patterns of the lower teeth of the type are drawn m 1 igure lb I he 
minor internal reentrant angle on of the type is only a temporary 
stiucturt, for it extends but a short distance down (he tooth be> ond 
the present st ige of wear With \ slight additional amount of weir 
this reentrant angle would disappear, us was noted by Walker him- 
self \I1 the other characters of the teeth mentioned by W dker 
are those of a young specimen of Palaeolagu s, and the specimen fits 
exactly into the senes of growth stages of Palaeolagus hayde in 
hurlhermorc, the skull shows ne> characters which would distinguish 
it in any wiy from an excellent skull of Palaeolagus haydem which one 
of us has previously eleHonbed 6 It seems nee cssary, therefore, to 
regard PioUdngus affirm* as a synonym of Palaeolagus haydem 

The species Archaeolagus s triatus Walker® is based on a \cr> old 
specimen, as is shown by the great ly worn teeth of tl e t>pe, which is 
illustrated in Figure 23 None of the chiracters of the teeth of this 
specimen distinguish it from very old specimens of Paine olagu s hay- 
dent, nor do there seem to lie any eharacters of the skull which arc 
distinctive A rchaeolagus stnatu s must, therefore, also be placed as 
a synonym of Palaeolagus haydem 

University ov Michigan 

* Dice, L It, {Some Characters of the Skull and Skeleton of the Tonsil 
Hare, Palaeolagu tt haydent,* Pap Mxch Acad Sn , Iris and 1 ettirs, 18(1932) 
301 306 1933 

* Walker, op ct/ p 23G 




A STUDY OF THE BAYPORT CHERT 


FRED DUSTIN 

F >R twenty-five years I have collected the cultural remains of 
the people who once occupied our state of Michigan, and my 
home county, Saginaw, has yielded over three thousand arrow points, 
with hundreds of drills, perforators, scrapers, leaf-Hhaped blades, and 
knives As the collection grew and interest increased, I observed 
that nearly all these artifacts were of a characteristic mineral in 
which the lines of growth or deposit were concentric The gathering 
of perfect pieces led to the saving of “rejects,” turtlcbacks, flakes, 
and fragments of odd form or showing hollows and crystalline cores 
From this it was but a step to the study of the material and to the 
wider field of its geological genesis and distribution 

Chert, which mineralogists generally define as an impure flint, 
is of widespread occurrence, where certain types of limestone are 
found it exists either in concretions or m veins, sometimes merging 
into agate, chalcedony, true flint, or other form of silica It is usually 
gray, although occasionally black, becoming the basanite of the 
literature on gems, or, rarely, green, when it is called plasma It 
may be red, blue, pink, white, yellow, or brown, sometimes it is 
mistaken for jasper, although its true oonchoidal fracture distin- 
guishes it from that mineral, which shows an uneven surface when 
broken and carries a considerable percentage of elements other than 
silica 

In a previous article 1 I have desenbed certain materials used by 
the Indians in their lithic arts This paper is a more particular de- 
scription of the Bayport chert found m the limestone most promi- 
nently exposed near Bayport in Huron County and m Arenac 
County, or on islands in Saginaw Bay In his geological paper on 
the Lower Peninsula, and on the map which accompanies it * Dr Carl 
Bominger defines this rock as “ carboniferous limestone” It lies 

1 Dustin, Fred, “ Materials of the Indian Lapidary in the Saginaw District 
Michigan, 1 ” Pap Mich Acad Set , ArU and Letters, 8 (1927) 11-22 192a 

* Bominger, C, Otology of lower Peninsula (1870), Goal Sure Mich , 3, 
Part I, 102, and map in pocket 
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beneath the coal measures, around which it forms an outward run 
bounded by a line having near it Alabaster, West Branch, Reed 
City, Grand Rapids, Bdlcvue, Jackson, Holly, Otter Lake, and 
C ase\ llle A later map 4 based on increased information somewhat 
modifies the area as gi\ en by Rominger Or R A Smith, the present 
state geologist, defines the formation as “the Upper Grand Rapids of 
Bay Port (Maxville)” 4 and gives a somewhat detailed account of 
its occurrence, which he summarizes as follows " The Bayport lime- 
stone is the upper member of the Grand Rapids group of the Missis- 
sipptan system It underlies a belt around the central Coal Basin 
excepting in the southeast where it has been largely removed by 
erosion The chief areas of exposure are in the viemity of Bayport 
in Huron ( ounty, m Arenac County, and near Bellevue, Eaton 
County In Jackson C ounty the Bayport limestone forms a capping 
on many of the pre-Coal Measure hills ” 

In Annae County there are several exposures of the Bayport 
limestone, beginning at Point Au Gres, where it forms a ledge along 
the shore rising to a height of seven or eight feet From here the 
formation extends northwest along a low ndge, outcropping in eleven 
or twelve sections for a distance of eleven miles or more, it is sandy 
or cherty and contains many fossils About halfway between the 
villages of Omer and Au Gres the new paved highway, M-23, crosses 
a quarry site with good exposures of the rock In places the per- 
pendicular face is from six to eight feet in height, thus giving a fair 
section The opening south of the road is about two hundred by 
three hundred feet, the one north is smaller and not so deep In 
some of the layers hundreds of chert nodules can be seen, many of 
fantastic forms, there also appear to be limestone concretions which 
have perhaps formed in the same manner that the chert has The 
rock is much shattered, partly from frost, and many of the chert 
nodules are broken and seem also to have deteriorated by weathering 
A visit to this place in the fall of 1933 gave me a good Idea of the 
great supply of material for those artifacts which have been collected 
in the great Saginaw district and surrounding territory 

The more important outcrops in Huron County are found in 

* I Everett, Frank, and Taylor, Frank B , The Pleistocene of Indiana and 
Michigan and the History of the Great Lake*, V & Geol Sure , Mon 58 (1915) 

4 Smith, R A , Mineral Resources of Michigan far 1915 and Prior 
Years With a Treatise on Limestone Resources (1910), Publ 21, Geol Ser 17, 
pp 162-185 
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the vicinity of Bayport, where it is exposed along the shore, on the 
islands west and northwest, and also at the Bnvport quaines south- 
east, where the overlying soil is thin and where extensive operations 
have been conducted for nearly fifty years 

At Chanty Island there is a large exposure In lusutla ( ounty 
two or three miles l>elow the Grand Trunk Railroad bridgi across 
the Cass liner south of Cass City another outcrop appmrs which, 
though small, is of considerable interest l<rom thfse places t hf 
abongines secured their supplns of cheit on which this study is 
based 

In 1820 Henry R Schooliraft said in his NarrttUie Journal 1 * * * 5 * 
“In crossing the bay [Saginaw J we landed a few moments on 
Shawangunk [Chanty] island which is found to be based on com- 
pact limestone, and contains embedded masses of ( hahedony wd 
calcareous spar I also picked up, during the shf rt peiuwl we rt- 
mained, a lump of thi argillaceous o\yd of iron, nnd some detached 
fragments of a coarse stnped jasper ” 

Wmchell states* that this limestone formation is seen under the 
water a long distance southwest of I it tie Charity Island, and that 
it outcrops on its northern, western, and southern shores, “but 
more extensively on the north side of Great Chanty Island, where 
it nses about five feet above the water ” 

Rominger 7 describes the several strata exposed on th( larger of 
the two islands, which is now officially known as Chanty Island 
(The smaller one is now called Little Chanty Island ) He notices 
the numerous flint (chert) nodules and names the most important 
fossils 

Lane, 8 who has reported at considerable length on the geological 
formations observed in Huron ('ounty, states that some of the lime- 
stone layers are filled with chert nodules and others with fossils, 
including corals and fash teeth He also says that on the shore of 
Chanty Island facing Little Chanty “there are low paving-slab out- 

1 Narrative Journal of Trawl* through the Northwestern Regum of the Undid 

Stale* , extending through the Great Chatn of American Lakes to the Sources of the 

MteHeetppt Rtver In the Year t8£0 (1821) p 99 

1 Wmchell, A , First Biennial Report of the Progress of the Geological Suneg 

of Michigan, Lower Peninsula (1861), p lot 

7 See page 119 of work cited in note 2 

* Lane, Alfred C, Geological Report on Huron County, Michigan (IU00) 

Cool Surv Aft ch, 7 Part II pp 105-U2 
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crops of brown brittle dolomite with cavities, and the surface is 
strewn with chalcedony and other geodes, which have evidently been 
left by solution of the limestone that enclosed them ” 

Harlan I Smith, 9 the noted archaeologist, made many observa- 
tions in the Bayport region He says “At the western limit of 
Wildfowl Bay is North Island, on the northern or highest part of 
which chert implements were found in all stages of manufacture, 
from the nodular masses occurring m the substratum of the entire 
island to the finished chipped points for spears, arrows, knives and 
similar objects Hero wore also found chips, flakes and other dis- 
carded fragments of the same material, — the waste from the proc- 
esses of manufacture, — indicating the site of an ancient workshop ” 
He notes similar conditions on “ Heisterman ” or Stony Island 

Dr R A Smith 10 reviews previous reports and summarises the 
available information, including that of Professor W M Gregory, 
whose Geological Report on Arenac County, Michigan (1912), n with 
its accompanying maps, has been useful in the preparation of this 
paper Dr Smith also describes the Bayport quarry, he gives a 
vertical section showing its several beds i 

Gregory's Report mentions several quarries in the limestone in 
Arenac County, with data on its appearances and commercial uses, 
whereas the sections given by Winchell, Rominger, Lane, and Smith 
have interesting details on the general character of the formation in 
the vicinity of Sagmaw Bay, which are adequate for the purposes of 
the archaeologist 

Winchell states in regard to the chert near or at Bayport “The 
flint nodules m layer D, 1 * are bluish, of a fine, homogeneous structure 
and strike fire with steel, with great readiness They exist m large 
quantity ” Rominger and Lane repeatedly mention “numerous 
nodules of chert,” and R A Smith adds some facts on the “cherty 
limestone” m his “Treatise ” w 

This study is based on selected specimens, on which serial num- 
bers have been placed They have been presented to the University 
of Michigan Museum, and may be of use to the archaeologist 

* Smith, Harlan I , The Saginaw Valley Collection^ SuppI to Am Mue Joum , 
Vol 7 (1901), No 12 

w See page 226 of work cited in note 4 
» Mush Oeol and Biol Surt> t Publ 11, Geo! Ser 8, pp 47-58, 

** See page* 101 and 102 of work cited in note 6 
“ Cited in note 4 
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In July, 1924, 1 visited the Bayport quarry, from my notes taken 
that day, together with later information, 1 give a brief description 

The operations, m which was employed the best machinery for 
quarrying, transporting, and crushing the limestone, covered many 
acres of ground Steam shovels removod the overburden of soil, 
which was not thick, pneumatic drills pierced the rock for charges 
of dynamite, which broke it up to be lifted by a steam shovel into 
cars m which it was transported by a locomotive to the crusher, 
by which it was broken up and assorted into commercial sizes 

My examination covered only a few hundred feet of the north 
face of the quarry, which was from ten to twelve feet high The 
rock first exposed (marked 1 in the senes) is a sandy limestone about 
three feet thick, at the bottom of which the*e are one or two layers 
of limestone two inches in thickness, filled with simple fossil corals 
which look like sections of calamus root, most of thorn lying parallel 
with the bedding The replacement mineral of these fossils has the 
appearance of caloite, and the broken sections stand out in marked 
contrast to the yellow-gray matnx A more cartful examination 
indicates that many of these corals are silicified, and when subjected 
to the hardness test and examined w ith a pocket lens are seen to be 
almost pure chalcedony Immediately below this fossihferous layer 
is the cherty limestone containing thousands of chert nodules, or, 
as the quarrymen call them, 'Atones, ” some very compact with a 
glimmering luster when broken, others porous and of less purity 
Many are embedded m the broken rock, fair samples are the speci- 
mens 3~A and also 3-B, which is a small nodule in its limestone 
matnx Specimen 3 shows masses of brown rhombohedral crystals 
which I supposed to be calcite, but which later proved to be that 
form of magnesite called brown spar Calcite crystals do occur, 
however, and there seem to be variations in the crystalline secondary 
deposits, much silica in one locality and magnesia and iron in others, 
with occasional pockets of pynte, zinc blende, or pure calcite crystals 
At the Bayport quarry there seems to be much brown spar, together 
with small masses of lean iron ore, probably liraonite 

At the base of the cherty limestone formation and resting on the 
shale beneath, a layer of very fine grained compressed limestone is 
seen which, when first exposed to the air, is of a warm gray color 
showing a decided umber tinge It breaks with a subconchoidal 
fracture* as it weathers, it grows lighter in color until it has the 
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appearance of chert even under the lens feincc this is a valuable 
building stone, it is unfortunate that this layer is only ten or twelve 
inches thick tor this reason it is not saved for building purposes 
unless there is a special order for it Specimens 4 are of this rock 

The gritty shale under the compressed limestone, specimen 5, 
is a rather bright green, but that color does not seem to penetrate 
it more than a quarter of an inch, it may be due to iron, for through- 
out the limestone proper there are iron stains and ochery patches 
of mineral 

Tlu chert nodules seen were not large A great percentage of 
them were four inches or less m diameter, those of six inches and 
upward were very rare, and a quarryman of eight years 1 experience 
stated that eight inches was the limit As a rule, most of the con- 
cretions from the Bay port quarry are globular, while those at the 
Arenac quarry are frequently of eccentric shapes, resembling a pear, 
a heart, an hourglass, or other cunous figures, some nearly round 
ones, collected on village sites, hav e been so deceptiv e m appearance 
as to bo mistaken for tenuis balls, larger ones have been called 
cannon balls by persons who have been deceived by their regular 
spherical ou times 

1 collected from Saginaw County village sites two hemispheres, 
one eight and one-half inches in diameter, the other eight, t>oth very 
compact in texture A third, measuring six inches across, had six 
large flakes struck off, whuh, with the remaining unbroken piece, 
constituted two thirds of the original nodule, the seven portions 
were lying together where they had been buned in the earth on a 
village site, where flood waters brought them to light 

My collection of nodules from prehistoric sites numbers twenty- 
five unbroken specimens, with an equal number slightly or consider- 
ably flaked 

As to their formation, there seem to have been two processes of 
growth In the first there was a gradual filling of a cavity in tho 
limestone by the deposit of silica on the lining, with the nodule 
generally becoming purer toward the center, not infrequently it has 
a core of translucent chalcedony or a small mass of transparent quarts 
crystals, but sometimes it leaves a hollow or vug, as though the 
siliceous solution had been exhausted In the second it would seem 
that the deposit began around some nucleus, organic or inorganic, 
and that a simultaneous process of dissolving out the limestone and 



Bayport Chert 


471 


formation of the nodule occurred, both growing together with the 
cavity and its counterpart having the same form Occasionally fossil 
casts are found in the chert, also real fossils, such as coral of several 
vanities, especially the simple forms 

The chert in the vicinity of Bayport is the t>pe of mineral from 
which at least ninety pet cent of the arrow points, drills, perforators, 
scrapers, and tutting blades collected in the Lower Peninsula wtre 
made The color, texture, and concentric lines of formation, with 
certain other ‘cirmarks” known to the close observer, indicate 
plainly their origin lhcro are variations from this type due to 
local conditions such as the presence of hmomto in small quantities 
Years ago I discovered a cache of leuf-ghaptd bl ules with distinct 
markings of an ocher shade I attr I foun 1 on a sand knoll swept 
bare by high winds a pile of flakes and chips, togethe r with a hammer- 
atone that had evidently been used to strik* off the flakes from 
nodules 1 his wastt material was from the chert of which the blades 
in the cache had been mad*, the yellow stains, texture and lines of 
formation being identical 

Occasionally an artifact is collect* d of ashy black or of a dull 
bluish cast, but none originating from the Bayport limestone have 
been observed that were either a tiui black or a deep blue, altlu ugh 
a number of both types m my collection wert secured locally Like 
the copper knives arid beads from Isle Royalc and the Upper Penin- 
sula, the cathmte pipes from Minnesota, or the little cowry shells 
from the Florida coast, they are the fruits of travel or exchange, and 
are probably from Ohio or farihtr south 

Hardy a fine nodule, artifact, or Hake will lie found in winch the 
ground mass is a pleasing gray, with almost pure white concentric 
layers alternating, thus giving a true agate somewhat like the gray 
Brazilian agates which the German lapidaries dye and polish and 
palm off on the unw ary as naturally colored 

At a point on the Cass River near the line between Irankennrmth 
and Bridgeport townships, at the lower end of a high, steep bank, 
the aborigines had a canoe landing In the bed of the river at this 
place I have collected at low water a pipe, a celt, a partly flaked 
nodule, and three or four of these gray agates, some distance back 
on the high ground of a ullage site two or three others were found 
which had been chipped Aside from its archaeological interest, one 
is a most beautiful mineral specimen, its delicate and intricate lines 
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seem more like the handiwork of an artist than a work of nature 
I have presumed that these agates gathered from the river bed with 
the artifacts were lost in an accident, such as the overturning of a 
canoe or other casualty, and my good fortune m finding them was 
perhaps the ending of ft story in which comedy or tragedy might 
have had a part 

Chalcedony geodes from Chanty Island have been mentioned 
and nodules of that material are not infrequent although, so far as 
noticed, they are not large, they furnish material for the smaller 
sizes of artifacts A few show delicate lines of formation, and are 
true agates, often with gray or white centers somewhat opaque 
Silicified fossils have been found on the Chanty islands one, a 
bivalve with valves closed, seems to have been agatized, another, 
a small mass of cup corals, with the remains of other creatures, has 
an outer coloring of dark red, and shows drusy cavities in which 
the tiny crystals are also colored 

At Point Lookout (Gravelly Point on the older maps) concretions 
of this nature are picked up, perhaps they had their ongin in the 
reefs of the Chanties, from which they were conveyed by ice or 
other natural agencies On the other hand, this point wan the 
landing place for canoes crossing the bay from the eastward, and 
prehistoric remains are plentiful in the near vicinity, so some of the 
nodules and other products of the limestone may have been brought 
by human beings 

Concerning the outcrop on Casa River, Dr Rommger makes the 
following statement 14 “ Another locality where these lower beds of 
the carboniferous limestone senes can be observed is on Cass River, 
30 miles south of Caseville, m Town 13, R 11, Sect 10 £“16” 
is probably a misprint, it should be 0] At the farm-house of 
Mr W H Brown, situated close by the nver bed, the water flows 
in rapids over the oblique edges of rock beds dipping at a moderate 
angle down stream Here we find a coarse-grained whitish sand 
rock Only a few steps below Mr Brown's house, the sand- 

rock ledges are overlapped by a bluish argillaceous limestone of a 
dull, earthy fracture and moderately soft It was from this rock 
that the Indians used to carve their smoking-pipes It contains 
numerous nodular concretions of Zincblende, or Druse oavities filled 
with this mineral, or with Brownspar or Dolomitspar The Zino- 
H Sec page 104 of work cited tn note 2» 
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blende is mistaken by the inhabitants for Galena, and the same 
mistake occurs on the old maps of surveyors, lead ore being indi- 
cated as occurnng in the vicinity of Cass River ” He further Bpeaks 
of several beds of limestone above this, and says “A hard, calca- 
reous bed with flint concretions overlies them ” 

Many years ago I collected a large piece of chert approaching 
chalcedony m punty it had a peculiar metallic appearance and was 
yellow-brown Later it was shown to a mining engineer who pro- 
nounced it “ sphalerite or zincblende with chert" and, on testing 
it for streak, obtained the characteristic brown powder of that 
mineral Since that time a few other pieces have been collected, 
so that it is probable that these blende-impregnated flakes came 
from the deposit studied by Rominger 

As for the galena, it is not impossible that it occurs sparsely 
with the blende, as it does m some of the Mississippi River localities 
I have a small lump of this lead ore, also one of the blende, found not 
far apart near the bank of the Cass River at the same village site 
where the gray agates were collected They show the crystallization 
and the streak peculiar to those minerals, and in each the masses of 
crystals of the metallic ores are intermixed with other substances 
very similar to one another, perhaps indicating that they originated 
in the same rock formation, so that it is possible that a gram of truth 
may be buned in the lead legend of the Cass, which has been variously 
related and fantastically embellished Late in 1933 there appeared 
an article in a Saginaw paper 14 that reported “gold, zinc, lead and 
copper” as well as graphite to have been discovered by two local 
citizens of the “lead” neighborhood, one of whom was said to have 
smelted fifty pounds of rock and to have obtained “six pounds of a 
mixture of zinc, copper and lead, the zinc predominating ” It is 
quite possible that the “gold” is pynto and the copper (if any) a 
dnft specimen or an oxidized artifact of prehistoric tunes A little 
knowledge of the genesis of graphite might be of use in determining 
the identity of a supposed deposit of that mineral 

Another typo of chert is that which is strongly colored by an 
iron oxide A short distance west of the town cemetery m James 
Township, Saginaw County, there is an area of two or three acres 
strewn with flakes, chips, rejects, and occasional arrow points or 
other artifacts, nearly all of a yellow-brown color, some darker than 
u Saginaw Daily Newt, Wednesday, November 22, 1933 
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others, but all from the same lot of nodules It would seem that a 
canoe load of the raw material had been landod there and worked 
up into the finished weapons and implements This area, together 
with many acres around it, has been a prolific collecting ground, 
and the sandy soil is dotted with the fragments and refuse of manu- 
facture but, with the exception of the brown chert mentioned, nearly 
all are of the common gray mineral The outer surface of the brown 
nodules is in no w ay different m color from that of the gray nodules, 
whereas the contrast of the interiors is striking 

At the junction of the Tittabawassee and Shiawassee rivers there 
is a low flood plain that is occasionally covered by the high waters 
of spring This tract has been a fine collecting ground for local 
archaeologists, and of hundreds of chert artifacts secured a large 
portion are marked with dendntes from iron or manganese, the 
mossy figures being much the same as those of the moss agates from 
Wyoming If the material were a translucent chalcedony instead 
of an opaque chert the resulting gem would be a fine one These 
dendntic markings must have been acquired from repeated soakings 
of nver water carrying iron or manganese, or from the wet soil itself 

Some archaeologists have stressed the existence of "workshops”, 
that such existed there can be no doubt, but every village site of 
more or less permanent residence that I have seen was a workshop 
where arrow points and all other articles of chert were made We 
can picture the Indian of the Sagmaw country making a trip in his 
canoe to Au Gres, to Chanty Island, to Bayport, or to the reefs 
of the Cass, gathenng his cargo of nodules with perhaps some curious 
fossils and beautiful crystals or such shining minerals os pynte or 
blood-red jasper, then in his little bark returning to the home wigwam 
where the nvers meet 

Here he buries the rounded stones of fimt, for he well knows 
that moisture facilitates their working, and later, m his leisure hours, 
he digs out a few and with his hammerstone strikes off flakes of 
suitable size If time permits, he chips them into leaf-shaped blades 
and again bunes them until necessity requires, when they are again 
unearthed, the chipping tool comes into play, and arrow point, drill, 
or blade is fashioned with speed and skill 

Perhaps disaster overtakes our red worker or death comes, and 
his hoard of blades is forgotten Many generations come and go 
and a new race possesses the land Some of these newcomers are 
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sneering, some are indifferent, some mildly curious, but finally 
one comes whose visions of (he past are tinged with reverence for 
those who have gone before V rom time to time his feet tread upon 
their ashes, and he gathers from the lr long-deserted haunts the pipe 
and the stone hatchet, symbolizing thur peace and their war On 
the edge of that sand knoll winch the wind has bared he sees a little 
pile of chipped blades and soon uncovers the cache so long hidden 
He has come to the end of the story 

Saginaw, Michigan 




A STUDY OF UNDERGROUND WATERS BEAR- 
ING ON THE SOURCE OF “BIG SPRING,” 
SCHOOLCRAFT COUNTY, MICHIGAN 

O FLOYD POINDEXTER 

“T^IG SPRING” is located in Schoolcraft County, Michigan, on 
JO the west side of Indian Lake about eight miles in a north- 
westerly direction from the city of Mams a quo It is reached by 
means of a good gravel road (M-149) intersecting U b -2 at a point 
approximately eight miles west of Manistique and running north 
and east for about four and one-half miles to the site of the spring 
In 1929 the Palms Book Land Company of Detroit deeded to the 
state the 40 acres upon which the spring is located, together with an 
adjoining lot compnsing 49 40 acres The indenture provides that 
this grant is ‘Ho be forever used only as a public park bearing the 
name Palms Book btate Park ” Additional descriptions adjacent to 
this gift, deeded to the state through tax delinquency, amount to 
327 40 acres, bringing the total acreage of state-owned land sur- 
rounding the spring to 417 30 acres, with a frontage of 3,000 feet on 
Indian Lake 

Big Spring (see PI XCIV) is a roughly oval pool, the surface 
dimensions of whioh are stated to bo 300 by 175 feet The sides of the 
depression slope abruptly to a depth of 40 feet, where the water enters 
under strong hydrostatic pressure, roiling the sandy bottom so much 
that a pronounced boiling effect plainly visible from the surface is 
obtained The spring has a scenic location at the edge of a coniferous 
swamp, with the verdant growth adding much to the charm and 
beauty of the surroundings The water is of an unusual emerald 
green, due probably to the luxuriant growth of aquatic vegetation 
clothing the sides of the pool and draping the submerged trunks of 
fallen trees 

According to legend, the Indians named the spring Kitchitikipi, 
in memory of the young chieftain of that name who went to his death 
in the ioy waters in an attempt to satisfy the vain caprice of his 
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ladylove, who insisted as a test of devotion that he catfh her as she 
jumped into the canoe from an overhanging bough Indian lore 
naturally held the “great spring” to be a manifestation of the power 
of “Gitchi-Mamtou,” the “Great Spirit,” who caused the crystal 
waters to well up from unknown depths 

Old residents tell one that the source of Big Spring is Lake Su- 
perior, but, since the spring lies at a higher elevation than the groat 
lake to the north, this theory is obv lously not in accord with natural 
observed phenomena, nor is it necessary to assume such a vast 
reservoir as Lake Superior in a search for the ultimate source of this 
scenic wonder The great swamp of the Mamstique River (Seney 
Swamp) and the numerous lakes in the Hiawatha National Forest 
region furnish to the underground drainage sufficient quantities of 
water under ample hydrostatic pressure to form any number of 
springs similar in character to Big Spring Many lakes in north- 
western Schoolcraft County and in adjoining parts of Alger and 
Delta counties have no surface outlet, but contribute their surpluses 
to the subsurface flow 

In the fall of 1932 a water well was drilled in the Palrns-Book 
State Park about one hundred feet northwest of the spring "this 
well was put down because of an unsatisfactory test of the water of the 
spring for drinking purposes Later it was found that the spring had 
been sampled at the edge, where it was exposed to contamination 
Subsequent tests taken from the center of the pool proved that pure 
drinking water could hav e been obtained by piping from the deeper 
parts 

The driller's log and samples furnished by Richard Kiney, well 
contractor, imparted valuable information regarding the character 
of the formations penetrated by the drill From the surface to a 
depth of 29 feet soft day was encountered, below this 8 feet of hard- 
pan consisting of a mixture of gravel, sand, and clay was reported, 
followed by Kty feet of quicksand and hardpan, with fine sand and 
gravel at a depth of 55 feet 8 inches At this depth the water enters 
very freely and rises to a height of 48 feet m the pipe When exami- 
nation of the well samples and leg showed the water in the well to 
come from a bed of sand and grav el at a depth of 55 feet 8 inches, it 
was considered probable that the water forming the spring is dmv ed 
from the glacial drift and that it comes down under the thick lake 
clays known to underlie the Seney Swamp The record of the well, 




Hie *~prm*. Film" Book itt Park near \1 m -■ njut Mtrln^ in 

Deni t mt ttt off iimi\ iti jn tt J M 1 



Source of u Big Spring 11 479 

which gives 29 feet of clay at the surface, would lend support to such 
a theory 

Ihe depth at which water was encountered in the well and the 
amount of head present suggest that the well taps the same stream 
of water that forms the spring Chemical analyses of samples from 
both the well and the spring confirm this suggestion, since the 
characteristic feature of both samples is the presence of relatively 
large amounts of calcium sulphate The sample from the well con- 
tained 1,180 parts per million of SO*, and the sample from the 
spring showed a sulphate content of 5*32 parts per million This large 
discrepancy in amount of sulphate was at first puzzling, since w iters 
obtained from the same source at so close an interv al should be v ery 
nearly similar This difference is, however, logically explained by 
the fact that the spring sample was obtained near the edge of the 
pool, where the normal waters arising from the bottom are diluted 
by the soft water draining into the spring from the surrounding 
swamp Mr John Hepler of the Michigan Depirtment of Health 
suggests that there may be stratification of water m the pool, owing 
to variation in specific gravity 

Results of analyses of water from the spring and from the well 
at the pavilion are even more striking when compared with those 
of waters from other sources Sixteen samples collected by S G 
Bergquist, from Michigan State College, from as man> different lakes, 
streams, and rivers in various parts of Schoolcraft County, indicate 
a maximum sulphate concentration 56 8 parts per million at the 
south end of Indian Lake, but the av erage sulphate content of these 
samples was only 17 8 parts per million (Table I) Similarly, nine 
samples from wells drawing their water from the glacial drift gave 
a maximum S0 4 content of 54 parts per million and an a\ erage of 
15 5 parts per million (Table II) Shallow waters in the Nmgaran 
limestones were not greatly dissimilar, seven samples had an average 
S0 4 content of only 8 3 parts per million (Table II, Anal 11-17) 

In the city of Mamstique there are many flowing wells which 
form the original water supply of the city, th< depths * f which 
indicate that the water probably comes from the lower part of the 
Niagaran Senes The sulphate content of these wells varies from 
425 to 480 parts per million (Table II, Anal 18-20) One deep well 
at Whitedale showed 870 parts per million (fable II, Anal 21) 

A well 117 feet deep in Bianey Park encountered the following 
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TABLE I 

Analyses or River, Lake and Rpiuno Waters in ScMooLrRArr Countt * 
(Sample# collected by 8 O Borgquiet) 


Source of sample 






Cl 

SO, 

HCO. 

Total 

solid* 

Hard 
neee ae 

CaCOi 

Big Spring 

17 0 


2305 

21 0 

34 

05 

532 0 

130 0 

878 

700 

Drigga Lake 

24 

0 2i 

240 

56 

Tr 

40 

49 

89 5 

88 

80 

Drigga River 

56 

0 74 

19 5 

50 

50 

4 0 

49 

85 0 

82 

70 

Fox River, West 
Branch at Seney 

04 

1 02 

16 5 

45 

43 

40 

72 

72 0 

78 

60 

Gulliver I aka 

88 


30 0 

13 8 

6 2 

40 

10 5 

149 5 

154 

130 

Indian Lake, South 
End 

16 2 

Tr 

47 0 

10 0 

23 

30 

568 

1220 

214 

168 

Indian River at M-94 

88 

Tr 

45 0 

93 

4 1 

35 

560 

118 0 

188 

150 

Indian River, Sec 34 
T 44 N R 17 W 

12 8 


27 0 

7 1 

57 

40 

05 

1H5 

124 

95 

Intake Park 

72 

0 31 

41 0 

82 

Tr 

4 0 

43 2 

107 0 

162 

135 

Lake Michigan 

50 


335 

11 2 

80 

50 

15 1 

135 0 

154 

130 

Mamstique River See 
34 T 45N R 13 W 

80 

034 

280 

66 

89 

40 

25 0 

93 5 

134 

100 

McDonald Lake 

48 

0 23 

290 

119 

Tr 

40 

15 8 

123 0 

132 

120 

Murphy River 

7 2 


27 0 

8 2 

27 

30 

14 8 

107 5 

llfl 

100 

Rom Lake 

40 

0 45 

18 5 

52 

Tr 

40 

40 

72 5 

76 

68 

Smith Lake 

40 

034 

50 

15 

43 

40 

65 

20 0 

36 

18 

Thompson Spring 

64 


215 

13 8 

96 

40 

59 

125 5 

133 

no 

Thunder Lake 

40 


21 5 

73 

76 

40 

88 

99 0 

106 

82 


* Analyses by Mlee Alice Exworthy Michigan Department of Health 

materials sand, 15 feet, hardpan, 35 feet, clay, 10 feet, limestone, 
20 feet, “black rock,” 10 feet, and blue shale, 25 feet 

Analysis of this water indicates a sulphate content of 1,368 parts 
per million (Table II, Anal 22), and the water is said to oome from 
the shale Since the Niagaran of the Upper Peninsula is entirely 
devoid of even thin shale beds, it is probable that the shale corre- 
sponds to that logged as Cataract in the record of the well drilled for 
oil at Seul Choix Point The drill cuttings at this depth are shale 
and shaly dolomite, which contain abundant calcium sulphate in 
the form of brownish anhydrite It is not impossible, however, that 
the shale in the well at Blaney marks the top of the Ordovician, whioh, 
as shown by the samples of the Seul Choix well, contain even more 
abundant reddish gypsum and anhydrite 

The marked difference in mineral composition of the samples ob- 
tained from the Big Spring and the adjacent well and of those 
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TAB I F II 

Apia! yhkk of Well Waters from S< hooloraft County 
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(Parts por milium) 
Drift waters 


Anal 

ymu 

SiO, 

Kf vOj 

Ca 

Mg 

NafX 

a 

SO, 

HCO, 

Total 

solids 

Hard- 
ness os 
GaCO, 

1 

32 


31 5 

88 

Tr 

40 

21 0 

108 5 

128 

112 

2 

29 6 

194 

32 5 

7 5 

122 

30 

4 9 

157 0 

180 

110 

3 

120 

1 3 

64 0 

15 7 

16 9 

200 

54 0 

215 0 

304 

220 

4 

24 

Tr 

4 r > 

22 

Tr 

40 

89 

5 5 

28 

25 

5 

96 

0 34 

15 5 

72 

31 7 

11 0 

1 3 

113 5 

156 

68 

6 

48 


52 5 

16 8 

Tr 

4 0 

12S 

224 j 

204 

200 

7 

4 8 

0 34 

16 0 

112 

10 

20 ^ 1 

25 7 

H > 

270 

98 

8 

72 

Tr 

140 

10 5 

25 3 

5 0 

36 

148 n 

142 

78 

0 

48 

0 63 

21 5 

84 

Tr 

3 5 

7 5 

95 0 

98 

90 

10 

16 2 

i 

1 83 

| 

366 0 

100 0 

i 

140 

11 0 

i 

11800 

1 

134 0 

.. ..! 

1752 

1300 





Limestone waters 





11 

40 

0 74 

54 0 

30 0 

1 Tr 

4 0 

1 99 

^ 293 0 

268 

[ 2o8 

12 

56 

Tr 

45 5 

21 2 

29 

5 0 

■> 2 

234 » 

184 

200 

13 

72 

063 

42 5 

21 6 

Ir 

1 0 

99 

219 0 

194 

19) 

14 

80 

0 51 

45 5 

220 

14 

3 5 

6 b 

239 0 

208 

204 

15 

64 


40 0 

200 

92 

30 

40 

: 235 0 

194 

182 

16 

72 


43 0 

204 

39 

3 0 

5 3 

232 0 

198 

190 

17 

56 

0 34 

45 5 

199 

96 

10 0 

17 0 

204 5 

232 

195 

18 

112 

12 

173 0 

62 0 

46 8 

1000 

12 1 6 

249 0 

960 

680 

19 

64 


1265 

l 518 

202 

60 

440 0 

1 144 5 

720 

540 

20 

88 

0 17 

170 5 

59 6 

43 8 

7o 0 

480 0 

1920 

928 

668 

21 

96 

Tr 

340 0 

44 8 

3 r 

50 

870 0 

157 0 

1346 

1050 

22 

88 

0 51 

560 5 

43 2 

55 

16 5 

13G8 0 

172 5 

1 

2160 

1580 


♦ Analyses by Mihs Alice Fxworth), Michigan Department of Iioalth 


obtained from surface waters, drift wells, and shallow rock wells, as 
opposed to the similarity of the State Park waters to thuse of the 
deeper formations, suggests that Big Spring may have its source 
of supply at or very near the base of the Niagaran, if not in Cata- 
ract or Ordovician strata The Lower Niagaran strata could, pos- 
sibly, obtain a sulphate content through waters circulating at the 
base of the senes in contact with Cataract strata No gypsum or 



482 0 Floyd Poindexter 

other sulphates are present in the Niagaran section from the well at 
Seul C hoix, nor can any be observ edina set of samples from one of 
the old water wells at Mamstique 

An argument against the Lower Niagaran rocks as a source of 
supply for Big Spring is the fact that no flowing wells are found 
in Niagaran strata outside the area covered by the outcrop of the 
Mamstique formation, although numerous flows in this belt extend 
across Schoolcraft County from Hunt Spur in Mackinac County to 
the village of ihompson 

It appears that the dense, platy, and chert y dolomites of the 
Manistique formation may act as the confining cap rock for the 
Lower Niagaran aquifer, and, furthermore, it is probable that there 
is a loss of head in passing northward toward the Niagaran escarp- 
ment, since the surface elevation increases about one hundred feet 
and the lower bods of the Niagaran are truncated by thi great 
preglacial valley to the north, probably at a considerably lower 
elevation On the other hand, the Cataract and Cincinnatian rocks 
forming belts to the northward and underlying a continually rising 
Hurfaco undoubtedly have the requisite artesian conditions, as is 
proved by the well at Blaney 

Aerial photographs show a cluster of six or more sharply defined 
depressions about one nule south of Big Spring These have not 
been visited on the ground, but their appearance under the stere- 
oscope is very similar to that of many of the sink holes of Presque 
Isle County 

It is probable that the glacial drift at Big Spring is not much 
thicker than the 55 feet 8 inches penetrated by the well A well 
drilled on the shore of Indian Lake about three and one-half miles 
southeast of the spring found bedrock at 70 feet, and a well about 
two and one-half miles southwest encountered rock at 20 feet 
Scott 1 reports an outcrop of limestone about one mile north of the 
south end of Indian Lake, but at Parker's resort at the south end of 
the lake it is 103 feet to rock 

It has been suggested by several geologists that the spring was 
formed as a result of a cave or fault w the underlying limestone 
formations In view of the fact that there are no pure limestones in 
the lower part of the Niagaran or in the formations below the Ni- 

1 Scott, I D , Inland Lakes of Michigan, Mich Oeol and Bud Surv , Publ 30, 
p 2S1 
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agaran, it is possible that oav e-ins may have resulted from the solution 
of beds of gypsum in Cataract and Cincinnatian strata Slumping 
of the overlying strata would then form an avenue of easy and rapid 
passage of the calcium sulphate waters rising under hydrostatic 
pressure, with the shales at the top of the Cataract formation con- 
stituting the cap rook to complete the requisite artesian conditions 

Michigan Geological Survey 
Lansing, Michigan 




GEOLOGY OF THE HART OIL FIELD 

C HAROLD RICOH 

T HE Hart Oil lield is a small producing area mar the <enfc<r 
of Oceana County about thirty miles north of Muskegon, 
Michigan Though the field is not of great comrm rcml importance, 
some of its features arc of geological mten st Oil occurs in dolomitic 
cavities near the top of the Traverse hmt stone Accumulation is 
due primarily to dtffc rences of pi rviousness in the rest r\ oir rock 
and, to a lesser extent, to small structures 

HISTORY AND DEVELOPMENT 

The first well was drilled in August, 1932, bv bdward DuVall 
on the Oscar Wurich property m the NL } of fefc { of Section 31, 
T 15 N , R 16 W Oil was encountered in the top of the Traverse 
limestone at approximately 1,900 feet The oil filled up rapidly 
in the hole and flowed into tanks under consult rablo pressure 
When shut in, the well show(d a pressure of 50 pounds to the square 
inch at the casing head 

During the next few days th< well flowed by heads, making from 
40 to 80 barrels of oil at each flow Flu Napth-bol Refining C ompany 
of Muskegon agreed to purchase the oil A total of 329 barrels was 
produced btfore the well was shut down bt cause of legal difficulties 
over the title of the propt rty 

Excitement ovt r a new oil discovery ran high in Hart and Muske- 
gon, and leasing costs were more than later developments warranted 
However, the next two wtlls drilled northwest and southeast of the 
Weinch well encountered water and no oil in the Traverse limfstuiit 
The first of these wells, the A S Cochran Hannum No 1, was 
drilled to the “ Dundee,” when water was encountered at 2,407 feet 
and the well was abandoned 

In March, 1933, Flanigan and Voorhees started a well on th* 
E Mitchell property in the SE J of SE } of Section 36, T 15 N , 
R 17 W , one mile west of the discovery well “Pay sands” weit 
encountered in the Traverse limestone from 1,904 to 1,907 feet, and 

is& 
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oil filled up 1,500 feet m the hole The well was in ated with Dowell 
and and produted approximately 25 barr* Is of oil daily A stcond 
acid treatment failed to increase production (Fig 28) 

Meanwhile the Oscar Wt inch well had been rt opt ru d It was 
found that there was 1,100 feet of salt water in th< bottom of the 
hole, with heavy viscous oil on top Whtn this water was bailed 
down to 800 ft et the well made a small flow of oil After each flow 
tht wattr would fill up in the bottom of the hole and the well could 
be made to flow only by ketping the water bailed down The well 
was put to pumping soon afterward It has since made a little oil 
and much water 

In July, 1933, the E Mitchell well was treated with acid for the 
third tune Whui reopened it flowed and soon filled all available 
storagt A week later, when more tanks had been uifetalUd, it pro- 
duct d 7 1 1 barrels of oil on a 24-hour test Dt velopment has proceeded 
rapidly since then and at the present time (March 1, 1934) there 
are 14 producing wells, 8 dry holes, and 5 uncompleted wells in tht 
gent ral area 


STRATIGRAPHY 

The surface formations at the Hart Field are glacial moraine 
and out wash plain The moraine tends northwest to southeast 
through the western part of the fit Id Surface elevations vary from 
860 feet above sea level on top of the moraine to 710 feet on the 
compar&tiv ely flat out wash plain The glacial drift is from 400 to 
500 feet thick and consists of alternating layers of clay, sand, and 
gravel The wells drilled around the bast of the moraine encounter 
artesian water m the top of the second sand layer Evidently this 
sand layi r has a connection with surface wati rs to provide ft head 
somewhere m the moraine Clay underlying the sandy out wash 
plain forms a seal above the water-bearing horizon 

Ihe field lies almost wholly within the belt of Marshall out- 
crop, but close to the contact with the Grand Rapids series to the 
southeast One well drilled in the southeastern part of the aroa 
encountered eight feet of shale and gyj«um r presumably of the 
Grand Rapids scries The Napoleon sandstone in this well is thinner 
than in other wells to the west, and the occurrence of the Grand 
Rapids senes here may be due to its deposition in a channel of 
erosion in the top of the Upper Marshall formation 
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The Napoleon sandstone is comi>o8ui of medium to fine light 
gray sandstom, with an occasional lad of gra> shah I hickness 
varies from 50 to 85 f( * 1, increasing to the southeast in the dire etion 
of regional dip The sandstone is abnormally thuk in the south- 
western corner of the ana, when hills probably stood out m the 
preglacial land surface 

The Lower Marshall foimation is compos* d of fint dark r*d 
sandstone and sandy shah lhe absence of soint of th* low* r bids 
in the western pait of the area suggests an ovirlap with <1* position 
on an irregular land suiface Thickness varas from 40 to 70 feet 
The Cold water formation consists of light giay shahs and argil- 
laceous lim< stones About 250 fret below the top of Uu foimation 
is a calcar* ous zom with l>ctls of argillaceous hint stone grading 
laterally and vertically into shale locally these June* torus arc 
dolomitic or contain gypsum from 500 to 550 f**t b*Jow the top 
of the formation there is another calcar* ous zon* The top of this 
zone is marked by a thin Ixd of red calcareous shale talltd “K*d 
Rock tf B* low the top bed otcui se\ * ral layers of r* eldish luncstom 
The shahs below these limestoms ha\* been t*rm*d “Flls- 
worth ” 1 They do not differ much from those abou, but grad* 
downward into shale of a more grtuush cast lh*r* ha\* bun 
sandstone layers encountered m differ nt wells throughout the ana 
Locally these sandstones are called u Berta," although they are 
evidently sandstone h rises m the shale and may re pi* suit rework* d 
Berea material The interval bctwun thest sands! on< lay*rs ami 
known horizons vanes greatly, and it is probable that they art not 
the same bed, but occupy different stratigraphic positions A dolo- 
mitic sandstone from the southeast* rn part of the field is v< ry dense 
and fine grained and contains small quantities of oil 

Interpretation of well logs may indicate an trosional unconformity 
separating the Antrim from the o\ erlying dark shales It is possible 
that irregularities m thickness may be due to lateial gradation at 
the base of the Lllsworth I he upper part of the Antrim is soft, 
light brown shale, the tower part is dark brown to black mid is more 
calcareous The base of the Antrim is marked by a slight uncon- 
formity Pynte concretions near the base of the Antrim may havt 
been a residual deposit from weathering of Traverse shales 

1 Newcombe, Robert B , (hi and Qat Ftcld* oj Michigan, Geol Surv Mich , 
Publ 38, Owl Ser 32 
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The top of the Traverse formation is a gray shale containing 
considerable pyrite The shale becomes more calcareous with depth, 
grading into limestone from 40 to 80 feet below the top of the forma- 
tion Pore spaces m the top of the limestone contain oil above low 
folds and water on their flanks From 40 to 60 feet below the top 
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of the limestone there is <i water-bearing zone, which probably cor- 
responds more nearly with Upper Trawrse pay horizons elsewhere 
in western Michigan 

8TRUCTUKL 


The Hart Oil hield is located ru ar the western run of tlu Michigan 
Basin where the rocks dip southeast twmty to thirty feet prr mile 
It lies at the head of a broad synchnt lx twtx n a pronounced fold to 



the northeast and a suggestion of a fold m the southern part of 
Oceana County (Map 19) 

Detailed structure contour maps of the fit Id show two Important 
features a modified nose t< nding NW Sh and smaller echelon 
folds with axial directions N 36° W (Maps 40-42) There is some 
evidence to indicate that tht nose may have been form< d prior to 
Marshall deposition Ihw evidence is listed as follows 

1 Total thickncw of the Ixmer Marshall Is lew over the no« and increase* 
off-ftructure , 

2 Lower beds of the Marshall are absent on top and west of the fold (ovi 
dently some topographio feature acted os a temporary barrier to westward 
encroaching seas), 
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3 Structure on the top of the I r Marshall formation iloes not correspond 
to nose structure of lower hubs, 

4 A nose is shown when the structure on top of the Utwer Marshall is sub- 
tracted from that of the lower beds (strut turt of tin lower beds would uuluate 
< reformation due to Iwilh periods of folding whereas strut ture on top of the 
Lower Marshall would show only folding of the later period) 

lhat this folding of the nosi may hi due to differential m tiling 
our deep folds or total iu f m suggest* d by a thickening off-stiueture 
of the uppir pait of the ( oldwvter founation 



The axial directions of ichtlon folds shown by contours on the 
lower formations coi respond in m ral with the folds of the Marshall 
formation These folds wtro probably caustd by post-Marshall 
movements effective our most of Lower Michigan 

Bn&mOIK ( ONPITIONB 

Though the nose and the small folds seem to govern the local 
distribution of oil, their mz< and extent do not appear to be sufficient 
to have been the primary cause of accumulation Rather it is more 
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probable that up-dip migration of oil abo\e salt water was halted 
by a lack of perviousness m the reservoir rock Wells show a de- 
crease in the amount of perviousness and thickness of pay from east 
to west across the ana (Map 42) Tht limit of the arta of no effec- 
tive porosity to the west of the producing area is rather indefinite 



Fia 27 Section to illustrate nature of dolomitic cavities 


owing to lack of information Its existence m indicate d by a thinning 
of pay to the west and by the absence of pay in a well drilled one mile 
west of the field 

The thickness of the porous zone containing oil seems to vary 
with the propoition of dolomite to limestone in the section The 
pore spaces and small cavities are probably related to the formation 
of the dolomite In a section along the line B B' (Map 42) the thick- 
ness of dolomite and the thickness of pay increases abo\ e the struc- 
ture, but this relationship does not exist throughout the area Map 43 
shows the area of no effective porosity up on the side of the structure 
Wells off structure east of the field indicate an increase rather than 
a decrease in perviousness, and water fills up rapidly in the hole 
The dolomite seems to be concentrated near the top of the Traverse 
limestone and porosity in the lower water-bearing zone is evidently 
not due to dolomitization There is no evidence to indicate that the 
dolomite is mterbedded with the limestone It probably exists as 
nests, chimneys, or zones in the limestone 

Figure 27 illustrates the author’s conception of the nature of 
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these dolormtic cavitus No cores of the pay have been takrn, and 
our knowledge, based onl> on dull cuttings, must ncussarily be very 
incomplete It is probable that thfse cavities art not very large, 
although the larger lavitus and crystals would be biokcn up by the 
drill Drill-cuttings show rhomboht drnl crystals of dolomite lining 
the opr nings Rarely these r a\ it u s art lint d with black r arbonaceous 
material Sometimes they art pai tly or com])l( U ly fillt d with crystals 
of secondary calcitc Crystals of pvnte art associated with the 
secondary calcitr feorm turn s the cav ltus an paitly fillt d with sand 
and other clastic mattnal Back from th< <dg< of th< ofwmngs the 
material is coarsely crystalline dolomite Samples from just above 
and just btlow a dolormtic 4om rcvral sharp rhomboht dront. of 
dolomite m dr use limestone No fossils have bun found in the lmu - 
stone or dolomite It is assumed that th<s< cavitus m more or hss 
connect* d and form the rfservon in which oil has accuinuJuttd 
Probably flu greatest < ff« ct of acid tr( atnu nt is to n mm e the second- 
ary calcitc and to op< n < haunt Is b< fwu n cav it u s 

It would sec in probabU tint this miterial ww d( posited as 
calcium carbonate with a small amount of magnesium caibonati 
The overlying shales and undolonulized hmestoius hi low contain 
varying amounts of magnesium Teaching of calcium caibonate by 
downward-moving acidic wains would mereasi the proportion of 
magnesium carbonatt to a point at which dolomite could be pre- 
cipitated Worm trails or rawtics lift by the solution of shells by 
organic acids may have providtd tht avenues of migration Tht 
absence of foasils in the hrmstom as compared with the overlying 
shale could be explained more easily by thur subsequent solution 
than by a supposition that the fauna did not exist during limestone 
dr position, but suddenly appeared with tht argillaceous sediments 
The leaching of calcium caibonate would enlarge preexisting avt nues 
of migration Smaller, disconnect* d openings may be due to th* 
decrease in volume accompanying dolomitization It may be assumtd 
that dolomitiwition would commence at the ripenings and work out- 
ward The extent of this action would tlun depend primarily upon 
the perviousness of thr original material It has bern noted that 
the limestone associated with the dolomite is less drnse than un- 
dolomitlzed portions Calcium carbonate removed by leaching 
would be earned downward into preformed cavities and dr posited 
as secondary calcitc Close association of secondary calcitc and 
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secondary pynte would seem to indicate that they were precipitated 
from the same solution under similar conditions It is suppostd that 
leaching commenced while iht material was still unconsolidated on 
the sea bottom Tht concentration of dolomite near the top of 
the Traverse hnnstom and its association elsewhere with gypsum 
or anhydrite suggest that the original dolomiUzation took placi m 
shallow water where deposition was irregular Later concentration 
of dolomite may ha\e occurred during elevation and erosion 

DRILLING AND PRODUCING PRACTICES 

Drilling in the Hart Oil Field is done with either standard rigs 
or drilling machines Drilling time varies from twenty to forty days 
The common practice is to drill one well to e ach ten acres m the 
proved area, but this practice is not always followed The thick 
drift (400 to 500 feet) makes the driving of pipe difficult Some wells 
drilled on the moraine have encountered boulders, necessitating 
skidding of the rig Ten-inch drive pipe is landed on top of the 
Marshall formation to shut out fresh water and caving sands 
Brackish mineral water is encountered in the Marshall formation 
and is shut out of the wells with eight and one-quarter inch casing 
set in the top of the Coldwater shale Six and five-eighths casing is 
usually set in the calcareous shahs above the Traverse limestone to 
prtv < at caving from above 

A few wells have flowed by natural pressure when drilled into 
the pay formation near the top of the limestone The volume of gas 
in the wells is small, and it would seem that water pressure behind 
the oil is the greatest force causing the wells to flow With low 
ptrviousness and without uniform porosity it is assumed that the 
wells nearest the od-water contact would show the greatest pressure 
Production records of two edge wells tend to verify this assumption 

Tubing is usually set on packer above the pay horizon and the 
wells are treated with 1,000 gallons of Dowell acid Because of the 
tight pay considerable pressure is required to force the acid back 
into the formation, where it will open channels between cavities 
Sometimes two or three attempts are made before the well is success- 
fully treated The acid treatments increase production from 10 to 
over 1,000 per cent (Fig 28) Drilling and treating costs average 
close to $5,000 00 a well 

After acid treatment the wells are usually swabbed and cleaned 
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out to remove insoluble residues They are put to pumping soon 
afterward \Vh< n< vrr possibh wells are pumped from c( ntral powers 
to red vice lifting cots is 

When the field was opened the wells were produced nearly to 
capacity with little back pressure Ihe oil from the Hart Held 
contains a large percentage of gasoline, but little kerosene, and a 
large percentage of heavy oils Ihe reduction in pressure at the 
well permitted escape of the volatile constituents and caused pre- 
cipitation of paraffin in tubing and casing It is now necesaaiy to 
remove this paraffin periodically by mechanical or chemical means 
and at considerable exp< nse Reduction in pressures at the well- 
heads also caused c ncroachrncnt of edge wate r All wells now produc* 
some watei In most eases this water may be drained off, but in 
some cases the oil must be steamed or treated with chemicals Lift- 
ing coats vary from 20 to 35 cents per barrt I, with an average close 
to 30 ants p<r barrel The Napth-Sol lb fining Company and the 
Old Dutch K< fining C ornpany, both of Muskegon, purchase the fill 

LBUMATK8 OF TOTAL PRODUCTION 

Map 43 shows (lie probable producing area of the Hart Oil Field 
ihfre is evidently only a small area of thirty-five or forty acres 
surrounding the original well The larger area to the west may 
approximate two hundred and fifty acres 

Iht variable nature of the reservoir rock in the Hart Oil Field 
would make it impossible to estimate recovery on the basis of volume 
content Production records from Upper Traverse wdls in the 
Muskegon Oil H< Id indicate an average yield close to 1,000 barrels 
per acre b igurt 28, Curve shows the barrels p< r acre recovery 
from the Flanigan Mitchell No 1 Curve C on the same figure 
shows the barrels per aert recovery from the entire Mitchell lease — 
five w<]ls on fifty acres These and other production records, which 
are now available on the Hart Oil Field, would not tend to increase 
recovt ry ( stimatea beyond 1,000 barrels per acre The total produc- 
tion of the Hart Oil Field will probably not exceed 300,000 barrels 
To February 1, 1934, the field hfld produced approximately 52,000 
barrels of oil or an average of 400 barrels per acre from the 176 acres 
drilled and producing 

Sr vrr Department ok Conservation 

Muskeoon, Michigan 



MCOLAS LENliLET T)U FREhNO\ IN 
THE LOW COUNTRIES, 1721 

AN INHJITFU DlXUARM FROM 1HI AKUUUS 
D1S AM AlIU S flUANOttUfc 

MANSON MR NER BRIF N 

T HK Abbe Niculis If light du Lresnoy c trip through the low 
Countries in the fall of 1721 h ts renuuud hii hntus in the 
records of Ins adventurous (xistence His first biographers pric- 
tically overlooked the event, and in succeeding vnirs veiv little 
pertinent information his Fa eh disclosed Recent discmwy by thf 
present vvntcr m the 1 rench Arthiv cs des Affaires f trangtVes of three 
medited Mfmotu s, in I Anglot s own handwriting, promises to throw 
more light on the matter Hence this article has as its raison d Itre 
a review of the early material, and by tin presentation of mu docu- 
mentary evidence, a definite account of the jourrny 

J R Michault, who hrst ixanumd thoroughly Lengltl's <ar<er, 
neglected that AbbCs vaned experiences m Handers, pirtuulaily 
those of 1721 lh< biographer was undent with these vagm words 
‘"loujours actif et laboncux, l’Abbf lienglet avoit s<,u anployer son 
terns pendant le sfjour qu ll fit ui Holland* ct en Allemagnc * 1 
Michault's statement plainly discloses that he knew nothing tangible 
about Lenglet’s tiavds Indeed, the few lines wore intended only as 
a prelude to a discussion of his stay m Vienna, and offered no facts 
about the purpose, time, route, or extent of his excursion 

It was not until 1829 that more precise knowledge was forth- 
coming Then Delort m editing several documents relative to I tn 
glefc'e imprisonments devoted the following transition paragraph to his 
tour “Dans une lettre autographe, datfe de Scptembre 1721, qui 
m'a Ci6 confine, el qui se rattorhe a mon sujet, on volt qu’il [Longlet] 
prit la resolution de partir par la route do Lille, Bruxelles et Cologne, 

1 Michault, J B , Mtnunres pour mmr <1 1 huloire delavtr et den outrages di 
Mmneur l abb4 Lengkt du brmnoy (Pans and London, 1761), p 35 

497 



498 


Manson Milner Brien 


pour se rendre k Vienne en Autnehe, et y implorer la protection du 
vortuoux empereur Charles VI, et le supplier, par la mediation du 
Prince Eugene de Savoie, chef dc bos conscils, de prendre les mesures 
convenablcs pour meitre paretUement d convert la personne de 8a Ma - 
jesti eur laqivdle de justes alarmes avment redoubU, * auqucl voyage 

11 depcnsa la somme de huit mille hvres, que ledit Abb£ a\ait 
amass&iB par scs dpargnes ** 3 

Unfortunately Delort did not pnnt the whole letter, which is now 
apparently lost It would have been of inestimable value in checking 
ringlet's divergent statements, especially in political affairs As it 
is, we are obliged to accept this account of his trip upon Delort's 
authority which, save in two instances, is in substantial agreement 
with the Memoir?* written by Lenglet himself 

They were occasioned by Lenglet/s arrest at Strasbourg upon his 
return from \ ienna Since he was suBpected by Cardinal Dubois of 
being a party to an intrigue, the lieutenants of Count du Bourg, 
commander at Strasbourg, took Lenglet into custody on May 13, 
1722 The Abb6 was immediately placed m solitary confinement and 
questioned minutely upon his business in Austria 4 The situation 
remained unchanged for almost two months 

Finally the impatient Cardinal drew up a list of twenty-one 
questions which he desired answered, and forwarded it to Du Bourg 
On the sixteenth of July the latter held a two-hour conference with 
Abb£ Lenglet, about which the Count reported *'Je lui ai fait 
prendre par £cnt et lui ai dict6 les articles du m^moire qui accom- 
pagnait la lettre de V Fm 11 trav aillc actuellement k y r^pondre 
amplement, d£s que cet ouvrage sera en 6tat, j’aurat 1’honneur de 
v ous radresser ” 4 Such was the origin of these hitherto unexanuned 
documents that yiold much enlightenment on several obscure periods 
in his life 

Lenglet must have applied himself diligently, for his detailed 
answers required over seventy pages of manuscript, completely fin- 

* The Italics are Delort's and presumably represent a quotation from Lenglet'* 
letter 

1 Delort, Joseph, Huloire de la detention dee pktloeophe* (Pans, 1829), 2 72 

4 For a more detailed account of thU arrest see Brian, Manson Milner, 
"Lenglet du Freenoy a Biography," Pap Mush Acad Sex , Arts and Letters, 
1811982) 463 465 1933 

4 Ravawson, Francois, Archive* de la BaetiUe, document* tnSdU* (Part*, 1881), 

12 99 Count du Bourg to Cardinal Dubois, July 16, 1722 
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ished by July twentieth In reply to the twenty-one queries he 
composed three articles,* two of which wire mcessitited by th< 
twelfth question "Fairc un Ftat aujuste <lo tout ee qu’il a entendu 
dire ou remarqu^ a Vienne et duns Its mitres h<ux ou il a passf, sur 
les affaires de IT tat, de FFghso et ee qu’il a rernarqu<5 des Diffcrens 
Caract^res de ceux qu’il a ou occasion de voir ” 7 ( ount du Hourg, 
as good as his word, returned the documents to the C animal He 
may have studied them, and having abstracted what mtercstfd him 
he confided the remainder to the Archives Aside from a fiw refrr- 
enoes in the " Questions” to the commencement of his journey, it is 
the "first memoir" which narrates wholly the cunts of his sojourn 
in the Low f ountnes 

The handwriting of this Premier Mtrmire is modem! fly large, 
bold, and flowing The linked words and the graceful oversmd capi- 
tals immediately attract the e>e <>eePl \( V ) F j rtifularl> notice- 
able are the long tails on / and p and the old-fashioned s IyOngh t 
completed the letters g t j, and y by an elongated, unclosed loop 
upward to the left, but the loops on z turn to the right and are fre- 
quently closed <2 is the only letter which he habitually brought to 
an abrupt end by a straight line The capital C * s are big ami generally 
extend below the line Lcnglet always employed the small script 
delta with the upp<r loop to the left, and an elongated upper loop to 
the nght on the capital E At the conclusion of a word ? was usuallv 
in a modem schoolboy's style, in most cases slightly larger than the 
preceding letters, and often the size of a capital As a rule, his 
numerals were carefully formed When he used them to t mphasizo 
a paragraph, a page, or an article, he unfailingly placed a small 
aero above them on the right It can truthfully lie said that Lenglct’s 
pages are both pleasing and legible 

Beside Du Bourg’s statement that l^ngkt himself was actually 
engaged upon these Mdmotreti, the handwriting of the manuscript 
provides an indubitable witness (hat it comes from the AbtyVs 
personal pen These pages and an analysis of Lenglct’s writing, 
mode in 1751 by two government experts at the request of Police 

4 They are entitled I Que faite * d Vnbbf LmgUl rfw Fresnvy avee *< i 
rSpmsee, du Jutlkl 1722 I f Premu-r im moire dont \l eat ;wr& cy de$sus n" 12° 
IU Second mmtnre dont il rt parlt cy demi* »* 12* Ml arc found in the \r 
chive# des Affaires Ptrang^res Corroapon dance politique, Autnchc 140 30*i~340 
(Hereafter cited as A A F , followed hy page number ) 

1 A A E , p 333v 
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Lieutenant d'HGncry, 8 * posses** several traits in common In both 
we note I eaglet’s practiu of linking his words together There aro 
the same long, oversized c’h, and the same large final e’s The 
small zeros, likewise , weie habitually found after the numerals With- 
out question, Abbd Lengh t compost d and wrote in his own hand 
these three Mhnwrev 

Little did Luiglet dream, as he contemplated a journey to \ itnna 
by way of the Low ( ountnts, that he would be obhgtd to give an 
official account of his tra\< Is Consequently he may have acted and 
written with a freedom not evident in a report composed when his 
liberty was at stake He informed Dubois that the trip to Vienna 
was undertaken umquement pour obtemr de M le Prince hugvne 
do Savoye un des canomcats vacant** en Regale dans I’hghse de 
Tournay M 9 Since 1710, when he hid failed to secure a benefiet, 
I/englet had never Closed to f nvisage the possibility of future success 
this In came more of a reality in 1710, when the Abb6 tie ( haumc, a 
canon of Lille, ind many other friends at iournai urged him to seek 
again the nomination 10 

Lenglet s domestic situation at this moment undoubtedly made 
the canonship appear all the more inviting At loose ends after his 
work during the Ollamari conspiracy, 11 he lived at his sister’s home, 
occupied by literary trifles and the attempt to procure some sort of 
pension or benefice which would assure his personal independence 
In 1720 he discussed the wisdom of this trip with Monsieur Dufay, 
a forimr captain of the Guaids, who had become attached to the 
household of Cardinal do Rohan Dufay, though, dissuaded the Abb£ 
from taking any action 1 About the same time Lenglet also confided 
his hopes to Madame de la Barre, his sister Unable to bear a 
separation, she broke down in tears 15 Thus Abb£ Lenglet was 
p< rsuaded to remain in Paris during 1720 and six months of 1721 
As the summer drew to a close matters wore apparently reaching 
the breaking point Lenglet himself described the trouble “Mais 
sur la fin do 1721, il u t qu’il ne pouvoit rien obtemr, pas m6me un 

8 Delort, op at , 2 94**% Ixmglot was the suspected author of an anony 
mous letter To confirm thia idea his writing was compared in detail with the 
inert mi nut mg document 

* A A b , p 305r The Regale was the nght of a king or a titulary head 
to nominate the successor to a vacant benefice 

10 Ibid , p 305r & v 11 Brien. op eti , pp 462-463 

« A A L lP 305v * 16*4, p 306r 
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des canonical de Soissons qui ne v alcnt que 700 ou 800 lv et dWleurs, 
ll se trouvoit A la charge de son beau fr&re, the? qui ll ful r61mt A la 
dure extremity de uvre de pain et dVau pendant plus de trois 
mois ” 14 

Yet Lenglet ’a plight was not so ternble as it would first stun 
Monsieur do la Barre was not inhuman He had letiml to Ins 
country place for the summer and wished to takf Lenglet with him 
But the Abbd refused He was engaged in some historical and 
political research for Monsieur Leblanc, 15 and he had no desire to 
quit Pans The tlinfty brother-in-law, however, refused to main- 
tain two residences, so ringlet, free to occupy the town house, had to 
shift for himself in the matter of food Angered at what he con- 
sidered unjust treatment, the Abbi resolved to be no longer dt pendent 
upon his family He determined to seek the eanonship at Tournai 
without delay 18 

It would seem that his decision was made very suddenly Len- 
glet hastily prepared to depart with great secrecy h\ i n wlu n ready 
to set out he did not mention his proposed journey to anyone, least 
of all to those who had dissuaded him in 1720 Nor did he bother to 
procure a passport He left Paris armed only with a permit from the 
Marquib de forty, the minister, to be supplied with post horse* to 
Lille 1 here he obtained a tickot for post horses to Menin At no 
instant was he required to produce any permission to leave the 
kingdom 17 And now we may continue the story as Lenglet wrote it 
for Cardinal Dubois 


Premier Meraoire 18 
dont il est parld cy dessus n* 12 U 

Je partis dc Pans vers La mi-Septembre 1721 Jo ristai quinze 
Jours a Lille, ofl j'achttai quelques hvrea chez Lo B r Dam l Libraire, 
pnncipalement pour M Le Blanc, 19 savoir un 13* v olume dt s oeuvn s 
ifAldrovandus, 20 dont j’ai eu pour ce mimstre lea 12 premiers v v o- 

« rbtd 

11 Leblanc, Claude (1669-1728), became Minister of War in 1718 When the 
Regent died, Leblanc was accused of diverting military funds He was tried 
and acquitted and resumed his old post m 1726 

18 A A E , p 306r and v 17 Ibid , pp 306 v, 307 r 

18 The manuscript is reproduced exactly 11 See note 15, above 
n Ulywe Aldrovandt (1522-1607), an Italian doctor and naturalist, who 
received the chair of botany at Bologna in 1560 
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urnes in foho rth^ en Maroqum Rouge J'&i achet^ de plus pour 
M Ijc Blanc qutlqucs manuscntw, qui sont La (Vmferc nee d'ardn s ** 
entre frangois 1 c t C hark”? Quint, ct un autre Livre de negociation, 
L'lmtoirc dc La Vilk dc ( vims, U quflqutM autres, J’ai fait alkr Le 
tout a Pans dans son tunps, et Jo aevois los remettre dans la 
Bibhotheque dc ce mmistn k inon n tour - 2 

C( tte Vilk h qutlqut s Lctlt siantiqueH pr&* est fort tranquille Sur 
Les matures dc Rthgion 

Le pied bur Ltquel les espeots sont actuelltnu nt en franct fait 
un si grand Inen & ct tte ville et A toute La frontier©, quo Les com- 
mer^ans tSeiount trts fachez qu'on cn diminuat la valeur, parce que 
cela emptcherod Its Supts des Paysbas autrichiens d'y vernr faire 
les gros achats, quhls y font continuellement, k cause du pnx dt 
l’argent Kt ll y uvoit alors plus de 50 C mosses ou Berimes de 
Commando dans ccttc wile pour Bruxelles, Mahnos, Anvers, Gand 
it Bruges 

Au commencement d’ootobre /arrival k bruxelks, oil je rcstai 
environ 15 jours J’y \cndis 700 florins de change dcs mcdadles, que 
j'avois, ft Le dit argent m'a Seru dans mon voyage, n'ayant aucun 
autre fond en partant de Parts, 8 que ces medaillts, et unt petite 
Caisst do Livres dcs hditions divide, Colines et gryphe n tous Relic* 
en maroqum, quo j’ai vtndus 300 florins dc Change au S f an tome 
Claudinot Libraire Sur La ( anterstoen a Bruxelles 

Comnu 1 ce fufc M Le Prince de Rubempi 6 } u qui fit acheter mes 
medailles par un fran^ois, qui t st Intendant de M Le Prince d'lseng- 
hien, 26 jkus Thonncur de le Saluer, et jo remarquai dans ce Seigneur 
un tres grand mecontentement du gouverneraent present des Faysbas 
autrichiens, ct Ltant dans sa Bibhotheque, il ne fit pas difficult^ 
de retourmr Le portrait dc Philippe V 07 et de me dire que e'etoit 
tou jours lit leur maitro Tin aimeroicnt beaucoup mieux etre A 

11 Betttr known a* the “ Field of the Cloth of Gold/' where France I and 
Htnry VIII held th< lr famous interview l**nglet's error is glaring, but it might 
possibly be excused because of the existing conditions Acoording to Count du 
Bourg, he was slowly starving after his attempted escape had failed Sec Ra- 
vaisson, op ctl 12 99 Count du Bourg to Cardinal Dubois, July 6, 1722 

** Part of Lcnglet's work was to perfect Leblanc's excellent library 

“ Compare with Delort's statement above 

u Aldo Mamuio, the Eldtr (1460 1615), the founder of a groat family of 
printtr*, whom editions are called “Alduies " Ho was the first to make use of 
italics Simon de Colin es (1480 1540), an early French printer He marned the 
widow of the famous Herni Estit tmo Sebastien Gryphe (1491-1556), a printer 
at Lyons who gained renown because of his Hebrew, Greek, and Latin texts 
He was the first to print the Oargantua and Pantagruel of Rabelam 

* Philippe-Fran^ois de Merode, Comte de Montfort, who married the only 
daughter of the last prince de Kubempr6 and assumed the latter’s titles and arms 

* Louis de Gand villam, Prince d’Iscnghien (1678-1707), a son of the famous 
French marshal of the same title 

21 Philippe V (1683-1746), king of Spain and grandson of Louis XIV 
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1’Espagnc & la france on & un Prmoe particular, que clc he voir Sous 
Les allemaiis La raison de Ixur meconteiitunent, qui ist general, 
went de trois causfs 

du i rait£ d< Barriero, 49 qm Les rume, para qu ils sont obliges d< 
donner tous les ans plus 2400 mil leurs (^peccs pour Lea garrusons 
hollandoises Et ces troupes prejudicunt fort k la Religion, par Les 
predicans, qu’elles mtretunnent dans toutes ka Villos oO elles sont 
et perdtnt Lour commerce , faisant \ emr du fond de La hollandc 
tout ce qui devroit $tre achtV dans k Pays 

2° des dunandoa Continue lies qu on L*ur fait d'arguit, sans qu'on 
lour montre 1 'employ des dt mors dqa w 

(3° ) frangois qui n'etoit pas entendu de la pluspart des Depute? 
ce que ce mimstre a toujours constamment refust chost qu'on 
regardoit comme unt fault usscntKlk & cause de I a Situation, oft se 
trouve L'Etnpire dans La Chub prochaim dt la maison d'aut riche 
Et Sur Le peu d'estime quM faisoit paroitri k chaqut moimnt, pour 
une nation, qm otant ossei frcrc, veut qu’on Ik stum pout < trt uti 
peu plus qu’Flle nc Vaut, ll a rcceu plusu urs deboires, qm 1 out 
oblige de se rctiror On me dit tn inline temps, qu on y avoit Laiss6 
un autre francois, mats homme fort infericur (n toutes manures, 
qui re9oit des a\ ames contumelies pour Ives discount si peu coin ena- 
bles, qu’il Lent de La Nation germanique, t t dc tous Les deputt/ 
de La diette *° 

Je certifie que tout ci que j’avancc dans ct pit sent rmmoirt, eotnrnt 
ayant \<1 dit ou fait est exactcnunt vrm et je me Soumtts k tello 
point qukl plaira k Son Eminence m'imposer, si Pon trouve quo j'ayi 
accuse faux pour Ivor choses que je cite d’oui dire, It rapporte Lts 
noros des personnes par qui on pout dicouvnr la V c nt£ fait a Stras- 
bourg ce 20 JuilJet 1722 

Lfnqlft du fbesnoy Pretrc Licenbf dt Sorbonne 

Indeed Lenglet’s M&moire completely agrees with Delort in all 
save two details, the purpose and the funds C oncermng the former 
it is quite possible that Lenglet may have had a crack-brained polit- 
ical scheme m mind He was not above such a rnaneuv er , witness his 
almost single-handed effort three years before to influence the Duo de 

,f The name given to two treaties of 1709 and 1715, which grants! the States 
General the right to guard several cities in the Spanish l>ow Countries against a 
possible French invasion 

11 The manuscript breaks at this point and two pages are apparently lost 

w By his reference to the Diet we may presume that fsngH continued on 
his journey by way of Cologne and Ratisbon, the permanent seat of that insti- 
tution Both cjtios were directly on his route to Vienna He must have been in 
Ratisbon when the deputies gathered for the autumn session 
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Bourbon to st ize the regency Lenglet ’s hurried, secret departure 
might imply a similar idea, which, of course, ho would not re\eal to 
tin Cardinal, who strongly susptcted an intrigue However, since 
the Abbi was prone to magnify his own importance and since he 
actually desired the iournai benefice, it is only reason ible to con- 
clude that after all the primary obj< et of his journey was the award 
of a canonship 

Likewise the discrepancy in regaid to Lenglct’s hnames was not 
exceedingly great He wis a dtakr in rare books md valuable 
manuscripts On mon tli m one occasion he invested his money in a 
volume which he sold at i profit Thus it seems probable that the 
tpaiQne s mentioned by Dclort rof< md to the editions and the medals 
disposed of m Brussels, for the shrewd Lenglet, who some mouths 
Inter realized upon other books, may have converted hie assets into 
cash only when absolutely needed In any event, Abb4 Lenglet was 
abl* to proceed through the Germanics to Vienna unembarrassed by 
further financial necessity 

ISt I OU1H CoONTKY DAY SCHOOL 
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THE ACCADEMIA DUG LI VMORISTI AND 
ITS FRENCH RELATIONSHIPS * 

I RAM IS W C.UAV1T 

P KLI 1SSON, speaking t»f the origins of tin bicmh Academy, is 
reminded of an Italian body of somewhil similar nature, the 
Accndemia degh Vmoristx ()w eaDnot nud th« letters of Btilnc, 
Chape lain, \<nture, or Peirtsc without cncounti ring the name 
Gabnil Nnud6, Gassendi, and lallenmnt des RGmx all mike men- 
tion of it, end, as will be shown later, it appears m connection with 
other Frenchmen of ihe pi nod It h us, however, hi i n almost com- 
pletely neglected in the annotations Tami/i y di Larroque passes 
it by completely m his editions of th< letters of f hapelain, Pun.sc, 
and Nand6 Ubictm, 1 editing the works of \ oitun , refers inertly 

to Pollusson Uri, who treats these men somewhat in his work on 
Francois Guvot, apparently has never he aid of it vnd merely nun- 
tions the academy of the Cimca, as the general type of all the rest * 
Of the Italians Tiraboschi prt seats certain good information, 1 but 
this is by no means compk te Hie most recent discussion, by Michele 
Maylender, in his Storia delle acrademte d’Jtalia , 4 brings to light some 
new materials, but, being encyclopedic by niture, is of necessity 
somewhat brief in Beat mi nt and does not do justice, any more 
than its predecessors, to the French ramifications of the body Jn 
view of these facts a somewhat extendi d note would set hi useful 
The aim of this paper is, therefore, to describe the Academy itself, 
and to focus attention upon its relations in bianco 

Pellisson 6 speaks of the Vmonsti as follows “( eux qui ont park? 

* After their first orounenco titles are given without bibliographical 44a 
and some are cited in condensed form 

1 Cbuvres dt Venture i 6d M A Vbiemi (Paris 1855), 11 98 
* Uri, Isaac, Vn Crrde savant ou XVII * niscle Frangot* Quyet (Pans, 1880), 
p 12 

■ Tiraboschl, G , Im atona della krfteratvra tkdtana (Milano, 1822-20), VI IT 
Parti 65-09 

4 (Bologna, 1930), V 370-381 

* Pellisson, Paul, et Olivet, Abb6 Pierre-Joscph 1 houlier d , Htstotre de 
VAcadbnxe frangaise, 6d Ch Livet (Paris, 1858), I 7-8 

605 
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ck 1* Academic des Humorist es de Rome, disont qu’clle naquit for- 
tuitemml aux notes de Lorenzo Maneini, gcntilhomme remain, que 
plusieurs personnes de condition d’entre Its convi£s, pour donner 
quelque dn ertiseement aux dames, et parce que c'^toit au carnaval, 
se mirent k reciter premidrement sur-Jc-champ, et puis a\ec plus de 
premeditation, des sonnets, des com6dies, des discount, ce qui leur 
fit dormer le nom de Belli Humori, qu’enfin, ayant pns godt m- 
sensiblernent k ct s exercices, ils r(solurent de former une Acad^mie de 
belles-lettres, qu’alors ils chang^rtnt le nom de Belli Human en celui 
d’Humondt et choisirent pour devise une nu£e qui, aprds s’6tre 
form^e des amdros exhalaisons de la mer, retombe en pluie douoe et 
menue, avec ces trois mots du po^tc I uert ce pour itme, Redtl agmtne 
dulci ” 

Pirabosehi 0 concurs with the points stated above, except that 
he makes the founder of the body Paolo M anoint, as does also 
May lender 7 lamizey de Larroque was led into the error of stat- 
ing apropos of l)om Angelo Grille, of whom more later, that he 
founded the Vmansit 8 I here is no evidence pointing to the truth 
of this statement We learn further from liraboschi 9 that the real 
guiding spirit, of the body was one Gaspero Salviam, a friend of 
Maneini The origin of the group is generally dated 1603, and it 
continued to meet every fortnight until 1670, although this routine 
was more and more apathetically followed toward the end of the 
period 10 

The membership was large and contained the names of the most 
prominent men in seventeenth-century Rome, among others, Pope 
Urban VIII (Maffeo Barbermi), and at one time as many as sixteen 
cardinals, 11 among them that famous patron of letters Francesco 
Barbermi, the pope’s nephew Barbermi ’s secretary, the scholar 
Girolamo Aleandro, was also of the group, as were many literary 
men, the best known of whom are Alessandro lassoni, Giovan- 
Battista Marino, the poet who, during his eight years’ residence m 
Paris, had a very considerable share m the extreme preciosity of 

1 Op at , VIII, Pait I 66 T Op at , V 372 

• Tamizey de Larroque, Philippe, "Lettree mtfditea de Gabriel Naudri k 
Peireec " BuUettn du btbhophtle (1880), p 126, note 3 

I Op nl , VI II, Part I 66 

10 Maylender Michele, Siona deUe accadmm d 1 Italia (Bologna 1630) 
V 376 371 

II Letiret tnidiiu de Gtxbnel Nauctt , p 125 
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the H6tel de Rambouillet, 12 Agostmo Mascardi, and <*iov an-Battista 
Guanm, the famous author of th( Pastor b ulo n Among non-1* rcnch 
foreign members are to be noticed particular!} Lucas Holntcmus 
(Luk Holste) of Hamburg, librarian of Cardinal Barberim and clas- 
sical scholar, and Leo AUatuiH, or Allazzi, a Greek who eaily came 
to Rome, where he finally was made \ atican Librarian Ma> lender M 
quotes the larger part of a document, signed by some 620 names, 
drawn up in 1608, at which time the members solemnly pledged 
themselves to observe all the rules and regulations of the Academy 
This represents an indication of the total membership throughout 
the life of the body, rather than the membership at any one date, 
since it is obvious that the names of Guaruu, who died m 1612, and 
Gabriel Naud£, who did not arrive m Home until 1631, 14 could not 
have been affixed simultaneously that this group was always 
popular and had in its prime a very large membership is, however, 
evident from the fact that in 1614, because of the crowded condition 
of the roster, it split off into another body the Accadenua tiei 
Maltncomci '• Ihe Vmondi had previously, in 1608, also given 
birth to the Ordimtt , as a result of internal disagreements at that 
time 17 

Such laws and regulations as have come down lo us are meager 
They are reported in the works of Gian \ittono Rossi, himself a 
member, who wrote under the name of Janus \icms Frythroeun 
They are interesting, particularly the statement that “ women of 
good family, surpassing m beauty and age/ togethei with their 
husbands should have the privilege of attending the sessions — a 
provision which seems to reflect the social origin of the body Ap- 
parently, however, no women were allowed as regular members, 
despite their share in its original formation, since no women’s names 
are to be found in the list referred to above Some rneintors, es- 
pecially charter members, were exempt from taking part in the 
exercises if they so desired, and the public meetings were to be 

11 Uuifon, O , Htetotre de la hltdralure fran^awe (Paris, 1924), p 381 
u Naudd, Gabnel, Jugmenl de tout ce qui a ej de ctcrtt coniu le ( animal 
Afarartn, ou Maecurat (Paris, 1660), pp 143 147 In the following notea this 
tide ia abbreviated as Mascurat 
w Op oU , V 376 381 

u G&mnch, Pierre, Vtr% tWusfrw Stcolai Claudtj Fabnaj de P«re*r wfa 
(The Hague, 1665), P 153 

w Maylender op cti , V 374 17 Ibid 
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conducted by an elected officer the prtncipe - one of whose duties 
was to sec “that the walls w< rt magnificently decorated ** Although 
no one was admitted if ht received ont black ball, it is apparent 
from the size of the group that this pn\ liege was not greatly exer- 
cised 18 According to (varanch, 1 * public funeral honors vwre paid 
by the Academy to its prtncipi, and he adds that in forty years only 
six such ceremonies had been performed Still another curious regu- 
lation reported by Y rythraeus is that forbidding the quotation of 
any living author during an officnl session One* when a young 
man had cited a fiery 1 ustan poetess and had been rebuked by the 
censor, the lady, a certain Margarita barrochia, was so enraged that 
she made a violent public scene, and finally prevailed upon the young 
man not to attend any further sessions of the Academy 10 

In addition to the prtncipe , the body had among its officers a 
censore, “a cui toccava I'essammaie i componnnenti che doveano 
publicarsv ” 21 Tlieie were also a segretano , a tevmere, a pnmo roa- 
sigltere and a secotuio conmghere The duties of the last two are not 
clear, but it is probable that they were the same us those of similar 
officers m the academy of the Ozkm at Naples, of which J -J Bou- 
chard reports that there were four counselors to settle quarrels 
amongst the members 22 In the agreement of 1608 mentioned above 
we find inscribed twenty-four prinnpi and two cenwrt The other 
titles appear only once, at the beginning There is no way of telling 
how nearly complete (he list is, but it gives a rough idea of the num- 
ber of elected presidents the society had in its seventy years of ex- 
istence, an aveiage of about one every three years The prinexpe 
presided over the biwtekly meetings m a magiuficent hall located, 
according to NnudtV 1 in the palace of the founder, Paolo Mancim 
This hall was decorated m part at least with the mottoes and pic- 

11 See Erythraeus, Eudevixa (Leyden 1637), 111 46-49 

" Op cit , p 252 

*° Erythraeus, Pxnacolheca tmagtnum tUmtnum vtrorum (Lcipsig, 1692), 

p 261 

n Tirabonrht, op at VIII, Part 1 67 

n Marcheix, J ucien, Un Parvnen d Rome d d Naples en ItiSi f B’aprd* un 
manvBcni intdit da J -J Bouchard (Paris, 1897), p 27 

** Mmcurat, p 153 Naud<VB statement is borne out b> the following title 
quoted by him m another connection (p 128) Totli, Pamphilio, HxtrcUto dt Hama 
(Roma, 1638) “ Nella strada pen del coruo alia man diritta, vi d la nobile habita- 
tione dci Signori Mancini, dove u fa la famosisaima Accadctma del Signori 
Humoristi spesee volte oon preaenza d’Eminentissiroi Cardinali ” 
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tures of the more illustrious members 24 At the back was a circular 
gallery m which sat the guests during the public sessions — from 
which * lo dame e It print ipcssc ronnm godevano anth’ esse d) siarsi 
spettalrici di si hcto spettacolo ” 26 dins statement, taken in con- 
nection with the by-law quoted above, would mtke us believe that 
women were particularly welcomed as onlookeis it thes< met tings, 
doubtless adding a note of gaytt} and charm to the distinguished 
gathering of letterati and sehol irs On special occasions such as the 
funeral services of Purest the hall was no filled that it could hardly 
hold the sp< ctators 20 NAud£ 27 si>s of those meetings, “cos issem- 
b!6* se font & lour riomm^ et mtmie pai le Bedcau A tous les Acade- 
mistes en des sallcs de respect, le for] mitux part'ts ct ormes qu il 
est possible, en presence des ( arduumx (loeverneurs dt \i!lo et d< 
Provinces, Seigneurs de marque, pnncipaux Ofhaers, avec une foule 
d’Auditeurs semblablc t\ colics que fu \ois bien souvent aux Declama- 
tions pubhques des ( ollegcs on an Burrcau quami on y doit pi udtr 
quelque cause ext laordi mure, hnhn il faut crom qut les Aoiderrnstes 
qui sent ordinal rernent pel Bonnes de credit et de monte, nc manquent 
pas aussi de faire cclater ces actions le nmux qu il kur est possible, 
parce qu'elles bcrvent d'hipoques assez runaiquablos i\ tout le rente 
de leurs vies ” 

As to the sessions themselves, information is somewhat meager 
We do know, however, that there w is at each meeting an “orazione, 
o un pouna o altro componunento” whuh had been assigned or 
arranged for in advance then followed other members ‘ recitando 
le lor poesie ” 28 These poetical exercises were a consick ruble part 
of the proceedings, appaicntly, for Gabriel Txaud^ assert* that, at 
the obsequies for Angelo Gnllo, Benedictine scholar, abbot of Sami 
Paul’s in Rome, and pnncipe of the Academy, who died in 1632, 
“btaucoup d’acadfnustes r^cit^rcnt plusieurs poesies ” 29 They were 
not the only type of composition, however, for there is record that 

* Eryfchraeus, fhruicothrca , p 06, speaking of Guarim *Nam et m 
parentis eura loco dilexit, ejusque adhuc sujhmbIiUo imagmem, magns in tabu hi, 
summi artificis manu depictam et corona aurea m loco Academlge posuit ’ 

» Tiraboschi, op cit , VUI, Part 1 69 

* Gassendi, op cd , p 252 Sec also Taminov de Iiarjoque, op eg p 125, 
where we are told that at the funeral of Angelo Urillo there were “tant d autrea 
personnes qua la moiti6 fut contrainte do derneuror dehors ’ 

n Mucurat, pp 149-150 

« Tiraboschi, op at , VIII, Part I 67 

11 Leltre* iiUdtfet dt Qabnd Naudt , p 125 
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the members were invited to make known publicly their learned 
works 30 Gassendi bears out this statement He says that the 
Academy “is a reknowned Society of learned men, who meet twice 
every moneth, where m full Academy, one of the Acadeimcks makes 
an Oration, others recite their Poems and other works worthy of a 
learned auditory ” 31 Chapelam also gives evidence of the importance 
of public recital, for he speaks of the Academy as “un auditoire 
e6Hbre ofi Ton fait prmcipalement profession de l'&oquence ” ** 
Aleandro once gave a series of three very dull loctures explaining in 
detail the motto of the society 33 On another occasion David Flur&nce 
de Hi\ ault, a visiting l renchraan, delivered a discourse on Minerva 
armata, sm de conjungendu letteris et armxs M 

According to Talieman fc des R6aux, one of the set discussions 
was the question whether “la langue Franqaise estoit panenue k un 
aussi haul pomt que lTtahenne/' which would be extremely inter- 
esting if the statement were entirely credible He states that this 
discussion aroused such feeling m Jean- Jacques Bouchard, one of 
the French members, that he offered to translate the Congmra del 
Fiasco of Maseardi to pro\ e the superiority of French 36 Unfortu- 
nately Bouchard himself disproves this statement in a letter to Peirese 
in which he says that he has kept his work a secret from all his friends 
in Home, and begs him not to mention it in his letters M It is not 
at ail unlikely, however, that questions of this nature were at times 
discussed in that cosmopolitan society of authors and scholars, in a 
period when the position of the Frenoh language was being definitely 
fixed Bouchard at length sent his work to Richelieu and to Chape- 
lain, and apparently failed to impress them with his effort Chapel&in 
says, “Je luy fais peut estre tort, rnais j'avoue que j’appr£hende 
pour sa reputation qu'ii Penvoye k son Eminence ” 87 

a ® TtraboeUu, op at , VIII, Part, I 67 

ai The Miff out of True Nobility and Gentility, being the Life of Ntcnlaut 
Claudius Fabric im, Wm Hand, trana (London, 1667), Part II 233 

" Lettres de Jean Chapelam, Tami&ey de Urroque (Paris, Imp Nat 
1680-83), I 307, h Godeau, 18octobre, 1638 

H Maylender, op at , V 373 

34 Home, 1010, Hr Cf Michaud, J M , Biographne u nwerteUs, article "Rl- 
vaulfc ’ 

» Fhstorwtte* (Paris, 1862), V 483 

* Tamntey de I^arroque, u Lettres inikhtes de J -J Bouchard, ’ Ls Cabinet 
kistorufue (1881), Part I 144 

87 Lettres de Jean Chapelam, 1 290, 6 Balsao, 2 octobre, 1638. 
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Although Latin occasionally had its place in this group, the 
vernacular was the customary language employed \ oiture thinks 
a letter accepting ihe membership voted to him must he m Latin ** 
Bouchard gave the funeral eulogy of his friend Peiresc in Latin s# 
Iiivault spoke in Latin Yet Naudd 40 asserts that ( Bruny, set rdtaire 
du Cardinal d’Jvite it assds bon pohte, fit 1 Orawon fundbre [de 
Gnlio] en vutgaire , ,J as was likewise that of Aleandro, 41 whose 
speeches on the Imprest* of the Ataduny Here also in Italian It is 
only natural that a group growing up spontaneously, as this one did, 
and counting on a large audience of non-members, among whom 
were many women, should have employed the vulgar idiom under 
ordinary circumstances Voiture is replying to a formal invitation, 
which was probably also couched m Latin, and consequently feels 
the need of a very formal missive Rivault was a Irenchman and 
may well have used Latin because of a distrust of his command of 
Italian Although Bouchard knew Italian very well,* 2 he was always 
a poseur and probably put his oration for Peiresc into Latin to 
impress the august gathering with his ability 

The funerals were probably the most imposing of the exercises 
That of Marino, who had been elected president when he returned 
from France m 1623, the author of the affected poem 4 done t was 
celebrated some two w^oeks after his death m 1625 42 They did not 
always follow immediately upon the death of the person honored, 
however Aleandro died m Ib29, and it was only xn December, 1631, 
that his patron Francesco Barbenm caused funeral services for Kim 
to be held at his exponsi “Nous avons ici celebr4 les funerailUs 
de ftu s' Hitrosrae Aleandro en PAcademie des Humonstes lo 21 
Decembrc posed auxquelles assistcruit cinq Card* 0 * Acadermciens 
et six autres, et grand concours do beaux espnts, qui reciterent 
quantity de vers ui son honneur La sale fut par6c de deuil, it do 
pemtures de la main du s r Pietro Cortoncsi tres excelleutes tn chiaro 
oscuro qrn reprentoient les quatre science qu’il avoit professdes, la 
Theologie, la Jurisprudence, PHiatoirt , et la poesic avec parures i fc 

,fc (Kuvrto de Votiure, 5d Pbiomi, II 98 

* It i« reproduced by Gassendi, op at , pp 257-275 (see note 15) 

" LeUree tntdtte* de Gabriel NaudS , p 125. 

41 Oration# neUa mortt di J Aleandro delta xn Hama neW Accademia deglt 

Umotuh at £1 di Decembre, WSl t per Oatpero de Stmeombue In Parigi per 
Sebastian o Cratnoisy, 1636, 4° 41 Lettrc* de Jean ChapeUnn, I 299 

42 Belloni, Antonio, H eacerUo (Milano, n d ), p 71 
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ornerm nts et marquee extraordinaire h Je travaillai aux Inscriptions 
car Mb lo Card* 1 mon maistro, qui nous fournit l’arg«nt pour la 
desptnet , avoit agr<^ qu'avec MS HoJstenius Pen eusst le sum, maw 
It tout s’impnmera ” u In January the funeral of Gnllo was 
also \ery brilliant, perfoimtd m the presence of his portrait sur- 
mounted by a gold crown, 45 before numerous cardinals and other 
pei sons of quality, and was paid for by the Bent dictmes 44 The most 
famous of these eulogies was that of Nicolas Fabn de Peiri sc, comeiller 
au parlement d'Aix and correspondent of all the famous scholars of 
his day It marks apparently the only occasion when such honors 
were paid to one not a president It was given on December 27, 1637, 
in the presence of ten cardinals, including his particular friends 
Francesco Barberim and Bentivogho These eminent prelates sat 
m a room draped in black and dominated by a picture of Ptircsc 
From the somberly dressed rostrum the orations were given “The 
most choyst wits m all the City, recited Verses in prayse of the 
deceased, m Italian, Latin, and Greek, and his funeral Citation neat 
and eloquent was pronounced by Joannes Jacobus Buccardus, who 
was chosen to perforin that Office, both for the excellency of his 
witt, the great love ho bore lus Count rey, and his special affection to 
the memory of the party deceased,” according to Gassendi's bi- 
ography of Peiresc 47 1 he oration, says Chapdam, to whom Bouchard 
sent it, was laudable for its Latmity and its careful developmc nt, but 
m his opinion Jacked the fire and vigor necessary to the spoken 
address, in fact, seemed, “plustoet dict6e par un bistorien ou relateur 
que prononc&i par un orateur ” 48 

After paying their respects to Peiresc in this manner, the UmonsU 
united in the publication of a Panglossia , containing eulogies of 
Peiresc in forty languages, including, says Tamiaey de Larroque, 48 
Hebrew, Syriac, Persian, Georgian, Armenian, Ethiopian, Coptic, 
Slavic, Russian, Polish, Albanian, even Japanese and Peruvian, not 
to mention the better-known languages of Europe 80 This collection 
of mortuary respects had great fame m France at the time of its 

44 Bibltothfeque National©, Collection Dupuy, MS 9530, 294v-295 

Lettre de f -M Suarfca a Pei rone Rome, 22 janvier, 1632 
44 Erythraeu* Ptnacotheca , p 238 
44 LeUm irJAttes de Gabriel Naudt , p 125 

47 Part II 234 {see note 31) 

48 Lettm de Jean Chapelam , I 307, k Godeau, 8 octobre, 1638 
4# Ibid t p 359, note 1 

Monumcntum Homanum Nicolao Claudio Fabncio Pereec\o, aenaion Aquenzi, 
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publication, partly Incauw of Ihe position of Peircse among the 
scholars of the day, partly because Bouchard w is ntver backward 
in displaying any product of his which might enhimt his chances 
for either a bishopric or n seat in the A ca<Urmc fran^aist Balzic 
is frankly sktpticil of the work and comments to the effect that 
“Pour aihr jusquhV quarantc [h n K ues 3t d f tut quhl y on ait vingt- 
troLs quo Scahger lgTiorait,” 11 and Chaptlmn raises lus hands in 
horror at the thought, but is fin illy stirred by the receipt of the book 
to write a bad sonnet of his own on the death of Peirese, thus m iking 
the honors even 6 Yet it is interesting to note that he wrote to 
Bouchard that II ne sYst jamais rten imaging dt hi super be, ny 
d< m royal pour les testes couronnfcs danH toils les siMes ’ bs (1 is- 
sendi, M of course, speaks with appropriate gritiludt of this monu- 
ment, which he viewed as a fitting crown to the glory of the excellent 
friend whose biography he wavs writing 

It had not required the distribution of this work to spread ibioad 
the fain< of the 1 cadfonu des ffumomle s, as it was talkd in France 
Already in U>10 hluranct de Rivanlt (l r )71-H»lb), the list of the 
tutors of Louis XIII, and editor of sei era) texts for the young prince s 
benefit, had taken a trip to Home, where he was duly enrolled as a 
foreign member of the Academy, which he subsequently addressed 
in Latin, as wc have mentioned above lb wis piobably the earliest 
French member of the group hired with enthusiasm from his ex- 
perience, Kivault published soon after his return to Pans a plan for 
an academy in h ranee and its introduction at court M Rn uilt, one 
of whose ideas was to have the young king harangued by the scholars 
of the day, 6 ® unfortunately dud four years after his book was pub- 
hahed, without having been able to impress lus ideas permanently 
on the government 

doctrtnae vxrlutnquc causa factum (Vatican Press, Rome 1038, 4°) this 
also contains the oiation of Bom hard Hie Panglossia goes from page 85 to 
page 119 

n (hui>rcs f ikl \alentm Coni art (Paris, 1005), I 804, itChapelaln 20m>ven 
bra, 1639 

w LeUret de Jean ( kapelatn, I 459, & Balzac, 20 judlet, 1639 

M Ibtd , p 444, 20 jum, 1019, note 5 

H Op cut : , p 253 

“ Le Oeeeein d'un« academe et V introduction d'icelU en la cour (P Le Court, 
Pans, 1612, 8°) 

** Cf his Dvtcoun sur le dessein de faire entretentr le roy par dee fummee 
stwan$ (\Yrat Paris 1610, 8°) 
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The trench member beat known in our day was Voiture, who 
went to Rome toward the end of 1038 and was there prestnted to 
the Umoristi Some time later, apparently unknown to him, he was 
elected to membership 67 In 1040 he writes wittily to his friend 
Costar, concerning tin w w honor 

II y a ptirmi oux [les Romatmi] une acadrtmte tie ccrtninca genu qui a appcllent 
lee Humormtea qui est & pou prte, t-omme qui diroit Hizarree, et en rffet its 
le sent taut qu il leur a pris fantamie dc me retevotr dans leur corps et de m en 
fnire donner avia par une lettre que m a Onlc un de leur compagme II faut 
quo je leur an faaee une autre en latm [Kiur lee remert fer et voilfi ce qui me met 
tant en peine J en »ma pourtant d£a le moment que voua m £te» venu dams 
l esprit, car il me semble que voilft, votre vrai fait et un homme qui eat en Poitou 
et qui tent dea lettrea latmes tie gaiety de ca ur ne me gauroit pas refuser cela 
Us out pour devise un Soldi qui tue dea vapeurs de la mer qui rotomhent en pluie, 
avee or mot de 1 ucrfioe Hutt agminz dulct Voyer je vous aupplie Hi vous trou- 
verez quelque ( hose it leur dire sur cela et sur 1 honneur qu da m ont fait et sur 
le peu que je vaux M 

Voiture was notably light-hearted m his attitude toward acade- 
mies, and it is not to be wondered at too much that he delegated 
to a friend the task of thanking this “ Roman Academy ” ( hapelain 
oomplams of his neglect of the Acadfmw fran^aise “ Le nom acadd- 
mique de M r Voiture est il Neghgente ou, st v oua \ oulfo, il Trascurato 
Jamais homme ne fut moms A I'Acadt'mie que Iuy, et la vostre des 
Humonstes se peut vantcr de 1 ’avoir plus \eu en trois jours qu’il a 
est6 A Rome que la nostre en quatre ans qu’il y a que nous 1 y at ons 
receu ” 59 Costar obliged with a letter to be found in the Enlretiens 
de Venture et de Costar (Paris, 1054, 4°, p 130) 

C hapelain and Balzac, who several times mention the Umarutti , 
tvere never members, and speak of them primarily m relation to 
Jean- Jacques Bouchard and his Panghssta Bouchard (1606-41), a 
dibaucM and a man of most unlovely character, went to Rome in 
1630 as the result of the systematic debauching of a servant girl in 
his father’s house — an affair he has somewhat too frankly described 
in a book called Lee Confessions et voyage en Italic de Jean-Jaigues 
Bouchard (Pans, 1881), of which the editor says that tho other 
Jean-Jacqucs would have gasped m amazement bad he been able 
to read it In the letters to Balzac Chapelain continually complains 
of his greed, 90 yet he counsels tolerance because of tho intellectual 

” (Fuvm de Voiture, 6d Ubicim, p xii 41 Ibid , pp 08-90 

19 LeUree de Jean Chap (dam, I 367, A Bouchard, 6 janvier, 1636 
« See ibid , pp 267, 299, 469, et paeew i 
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qualities he finds m las Roman correspondent Hoik hard has left 
little trace of his avaricious life except his bad char ict or and a Latin 
version of the Byzantine chronographer Ihtophanes, which ho made 
at the request of Cardinal Barbenni, who was his patron at 
Koine 41 

The date of the election of Puresc (15X0 1637) to membership 
18 unknown He could not hav< l>een received while in Rome m 
1600 since the Academy was not yet formed His close friendship 
with many important persons in the group sufficiently explains his 
membership, however ( ardinal Barbenm and Pope Urban VIII 
were always good friends, as were Alcandro, Cardinal Bentnogho, 
del Pozzo, and others He seems to haw accepted the honor calmly, 
because all we know about his membership is that he apparently 
belonged in 1631, when he mentions th( Academy to Bouchard, who 
had recently been admitted Hus is the only reference to tlu body 
m the published part of his exti nsi\e correspondence w 

Gabriel Naud£ (1600 53), who went to Homo in 1631 with C arth- 
nal Bagni," was soon made a member 44 He is known to posterity 
chiefly for his Aits pour dresser une bibhotkbque (Paris, 1644), one of 
the first theoretical treatises on libraries, published not long after 
hia recall from Rome to take charge of Mazarin’s library Naud6 
has left a certain amount of information concerning the Atcademm 
deglx Umoristi in his Jugement de tout ce qui a este esertt contte U 
cardinal Mazartn, ou Ma&iurat (Pans, 1650), to which we have al- 
ready several tunes referred It is an elaborate defense of his patron 
during the Fronde, in which he connects the name of Mazarm with 
that of Mancini, the founder of this “illustrious” academy, through 
the cardinal's nieces, one of whom, the famous Maria Mancim, was 
Louis XIV’s first love M It is interesting to note m this connection 
that Masarin was also a member of the body M Naudd, by his posi- 
tion and learning, was well known among scholars in Pans, particu- 
larly that large group which met about the brothers Dupuy in the 

w Pehseter, L-G , * Amis d’Holstemus,” £cole franca Ue de Rome , M&- 
lange* arcMologtquee el hutortque* (1887) p 82 

* LeUres de Petreec, (d Tamiaey de I*airoque (Paris, 1888- 98), IV 69 
u Franklin, Alfred, Histoire de la BtbliotKbque Matartne (Pans, 1901), p 7 
LeUree de Petresc, 11 273, h Pier) o Dupuy, 23 m&i, 1631 

M See list of members given by Maylender, op cU , V 379 
m Silvagm, Umberto (l Cardinal Maxzanno (Turin, 1928) p 428 
u See list of members given by Maylendor, op c%t , V 377 
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library of bran^ois-Auguste dc Ihou/ 7 who was executed in 1642, 
when implicated in the plot of Cinq-Mars against Richelieu 

A somewhat less known member, who is occasionally rcm< mbered 
for his legal treatise De I’usage des Jiffs et aulres droits netgneurtwir en 
Daupfont (Grenoble, 1664, 8 ), was J)< ms Sah ung de Boissieu 
(1600 83) A fnend of Puresc, he visited him before going to Ilaly 
in 1033, and of him Peircsc wrote to Bouchard “j’ay eu 1 honneur 
de voir icy M dt Boissieu, gentilhomme des medic urs malsons, et 
dc s mioux allies du Daulphurf, qut est douc' des plus dignes patties 
cl trudition, de valleur et d f honcstet£ quo puisse ivoir aulcun autre 
dc sa condition, dont je tit doubte pas quo vous ne so>ez bicnt owt 
amoureux, ct quo vous nc me sgaithiez bon gr£ de 1'occasion que je 
vous donnt par cctte adresse, et de le voir possible un peu plustost, 
et avec un peu plus de confiancc que vous n’eussier faitt ” M After 
a dissolute youth he accompanied I he Duke of < r6qm on a mission 
to Home and was chosen to harangue the jx>pe, which he did boldly 
and in a way not pleasing to the pontiff Hi refused, however, to 
suppress any of his speech, and it was subsequently printed (Horne 
et Pans, 1633) Boissieu must have been among that group of 
whom Bouchard wrote “Parmy touts ces cuneux [la suite de 
Crfqui], ll y en a nfantmoins quelque demi-douzamc de plus mitigf's 
et qui ne se tenant pas enfcrm6s tout au long du jour dans le cabaret 
et dans le bordel comme les autres, paroissent quehpiefois dans la 
boutique del Sole, ou ils font Heunr les esp/es murs de Pans Videl 
(t b Anrnnt y president, et m'a-t-on dit qu’ils me vculent prendre 
pour lour assesseur, m’ayant ddj& £rigd en bcl espnt a rnon desceu 
Ve sera pour joindre & mes autres quahtds d’Humorista et Otioso " w 
This tendency toward the intellectual life gained Boissieu a member- 
ship in the Umoruti 70 Upon his return to Pans he was made con - 
sailer d'Mat by Richelieu, until he finally retired to a presidency in 
the Chambre det complex of Dauphin* 5 71 There is no evidence that 
the poet Samt-Amant, who is mentioned here, 74 was ever a member, 

” Url, op nl , p 44 (see note 2) 

w LtUre* dc Peirccr, IV 83 

** Tamizev dc fiarroque, 44 Lettres inAhtes de J J Bouchard,” Le Cabinet 
hutonque (1881) Parti lJMMtiO 

70 Mascurat, p 146 

71 Michaud, J M , Biographic untverwUe, article “Boiwieux ” 

71 It was Marc Antoine Gerard, the poet, and not Jean-Tristan, the archae 
ologist, who was with the Crdqui mission in 1633 See Schflnherr, P, “Saint 
Axnant, sein I^eben und Werke Ztft f fram Spr und iM , 10 (1838) 120 
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although it is extremely possible in view of the circumstances leading 
to the election of Boissieu 

Before closing this discussion we must mention three nun who 
were also members, but who ha\e left little trace of thur connection 
with this body We know they were members, because they wrote 
some of the eulogies in the Pangloma, and Bouchard distinctly says 
that this part of the Monumentum “appartient aux Acadumstes ” 73 
Of the nature of thur connection wc have little evidtnee Scipton 
do Grammont 10*38), the first of tin in, a numwmatist and amait ur 
now almost forgotten, was secrHaite du cabinet of Louis \1II Ills 
best-known work was a treatise on the thiory of money (Le Denier 
royal , traiU cuneux de Vor el de {'argent, Pans, 1620) He has also 
left some French and Latin verse and a curu us work on a system for 
learning foreign languages, which particularly attacks Latin gram- 
mars written in verse 74 H( was piestnt at I he obsequu s for Pent si , 7t 
and wrote some rather bad Latin verses concerning the occasion, 
celebrating the Pangloma lo him were also entrusted the French 
versos for the work, which were not of a qinlity to keep his mem- 
ory alive 76 Another wnter for the Panglossia was Honor 6 Bout he 
(1598 1671), the Provencal historian, fnend of Gassendi, 77 and of 
Peirese, who sent him to llorrw at the end of 1634, loaded down 
with recommendations, particularly to t ardinal Barl>enm 78 Of him 
Peiresc wrote to Holstemus “II est fort honnestc (t fort modeste, 
et bien qu’d soit en reputation de doctrine entre coux du pais, de la 
profession de la Theoiogie scholastique, il ne s’en presume pourtant 
pas beaucoup, et n’en vault pas moings aussy II (st fort de mes 
amys et de toute nostre mayson et si vous pouvus l’ndwsUr (t 
favonser en quelque chose de parde]^ aupris de rem mc Card" 1 patron, 
ou des aultres de sa cour je vous en auray particuliere obliga- 
tion ” 74 With such commendations it is not surprising that 
Bouche was soon elected to the Umoridi Bouche is the author of 
one of the best source works on seventeenth-century Provence 80 

71 Tanuzey de I^arroque, “ Ixsttres in6ditee de J -J Bouchard, ' Le Cabinet 
histonque (1881), Part 1 165 

74 Of Michaud, J M , Biographic unxwrecUe, article ' Gramotit ” 
n Bayle, Pierre, IHctionimre hutonque et critique (PariB, 1820), XI 517 
n Humbert, Ren6, bn Amateur Pexresc (Paris, 1933), p 278 
77 LeUres de Peiresc, IV 123, note 2 
f * Ibid, VI 705 
74 Lettres de Peiresc, V 430 

M La Chorograpkis ou description de Provence (Aix, 1664) 
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A somewhat more important personage was Joseph Marie Suar^s 
(1599-1677), a learned antiquary who also dallied with the poetio 
muse He was for a tune librarian to ( 'ardmal Barbenni and camertere 
or officer of the chain lx r to Urban VIII After 1633 he was Bishop 
of Vaison, and returned to Trance only to resign in 1666 and pass 
the rest of his life as Vatican librarian in Rome Huarta was likewise 
a fnend of Peirosc, with whom he was in correspondence 81 He was 
present at the funeral exercises for Aleandro w Suar^s was charged 
with the redaction of the Latin \erses for thi Panglossia 

If the Accademui degk Unwnsti is of primary importance only 
in the history of Italian literature and scholarship, it can yet be 
seen from the names already mentioned that it had its place also tn 
France It seems that the person most largely responsible for its 
French memberships was Peires< Bouchard, Boissieu, Bouche, all 
went to Rome recommended by him and soon were eleeted to the 
body Naud£ is highly praised in a letter to Holstemus M and 
promptly becomes a member But the fame of the institution was 
certainly not confined to this narrow group It must be remembered 
that the people here concerned did not act merely as individuals, but 
as members of an unofficial corporation of scholars, and that their 
interests and opinions were freely shared and discussed, as con easily 
be \enfied by even a cursory glance at their correspondences from 
the days of Scahger to Gassendi and on into the eighteenth century 
There was a highly de\ eloped esprit de corps which made the sharing 
of information a pleasure as well as a duty, especially in a day when 
scholarly journals were nonexistent — for the Journal des Savan# did 
not begin publication until 1665 It is to be expected, then, that the 
name and fame of this academy was much more widely spread than 
is indicated e\en by the citations above, and it seems important that 
Tallemant des Rlaux should mention it as the most casual thing in 
the world, without any further explanation M We must also re- 
member that Chapelain, in a letter to Godeau, who was not a mem- 
ber, and hence not to be flattered m regard to it, takes it upon 
himself to call it “cctte illustre Academic ” Chapelain was also a 
close personal fnend of three of its members Marino he knew well, 
as an habitu6 of the HOtcl de Rambouillet, and he wrote the preface 

81 Cf Lettrm de P«r«*e, IV 61 

M Lettree tn&itien de (hhnd Naudi , p U5 Also cf note 44 

** LeUre * de Feiretc, V 370 M Jits lonetles, V 460 
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to his Adone , which was published m 1623, apparently after the 
work had been levised according to C hapclain’s ideas M Likewise 
Tassoni’s La neahta raptta was published in Pam in 1022 through 
Chapelain’s efforts, after publication had been r( fused in Italy be- 
cause of the personalities involved in the po( m, w and he was a warm 
admirer of Mascardi’s Traltato dell arte tstonca and greatly lanru nted 
his death 87 With Cardinal Bentivoglio, also a number of this 
academy, he earned on a correspondence and greatly admired the 
cardinal's historical works ** Chapelam was influential in three 
circles - that of Mine de liambouillet, the more scholarly one of 
Pierre Dupuy, and the still more important one of the \cadhnie 
fran^aise It is therefore certain that reports concerning his Italian 
acquaintances would have a wide circulation It is wdl to note also 
in this connection that some of the publications of tin l morwti were 
issued at Pans as well as at Home Likew ise w e must rememl>er 
that Guez di Balzac, Bouchard, Naud£, and Peiresc were all members 
at one time or another of the group which met with the Dupuys to 
discuss scholarly and other news, and it is artam thit this “ illus- 
trious" academy would be mentioned there, particularly since Bou- 
chard was once so heartily disliked by the Dupuys os to be almost 
officially excluded from the group, 90 and since this group was itself 
visited m 1625 by Cardinal Barberim and by Aleandro, both im- 
portant members of the Homan body 91 

It is even possible that the French Academy itself was somewhat 
influenced by its famous Italian sister, and such a thing would not 
be surprising in view of the foregoing discussion I he fact that 
Pelhsson thinks at once of the uneventful beginnings of the Umonsti 
rather than of some similar body, as a parallel for the casual origins 
of the Academic franfaise, may be due merely to the fact that NaudCs 
Mascurai) from which he takes his information, appeared some two 
years before he began to write, but it may also indicate that in his 
mind he saw a closer parallel Fins point did not strike Paul Mesnard 
in his work on the French Academy (1857), or Gaston Bomer 

w Piooo, Francesco, "Appunti alia coltura itahana in Franoia nel ecoolo 
XVH Jean Chapelain (1595-1674), ' MtscrUanea di atwto cntiet pubbheah in 
honor $ d% Outdo Mauont (Florence, 1907), It 145 

* Ih%d , p. 135 M Ibtd , p 149 ** Ibid , p 151 

11 See note 41 for an example 

89 LeUret de Jean Chapelain I 469, & Balzac, 31 juillet, 1639 
i Peiranc, I 59, i Pierre Dupuy, 20 avnl, 1625 
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(1909), ^ for they go no farther afield in their discussion of origins 
than the meetings at Valentin Conrart's, but May lender suggests 
that the early acadimtsU s desired to take the name of Beaux I* sprits 
in mutation of the original Begh Human of the Uvwnsh It is 
doubtful, howevir, whether this contention could be maintained 
Felhsson says merely th it “Quelqin s-uns Pont nomm^ depuis l’ Aca- 
demic dev Beaux Eapni s/ and although we know that Gut* de 
Balzac used this riiim in leferenee to the body, 94 the term was u>m- 
monly employed at that period, according to LittK’s dictionary, to 
signify fashionable itid somewhat affected literary men, a meaning 
which Peiresc definitely uses in his letters in 1627, seven years txforo 
the official mtori>oration of the hrtnch Academy 96 

There is, however, a much more definite suggestion, which will 
not permit us to dismiss this line of thought until it has been com- 
pletely investigated Charles Sorel, in hm Discount sur CAcadhme 
franganc (Pans, 1654), imputes the gencril model of the \cademy 
to that outlined by Murance de Rivault, immediately upon his return 
from Home in 1610 'M lluranco Rivault M he says, “fit un- 
primer en Pan 1612, le desaun d’une academic et de son introduction 
dans la cour, mats die iPeut point d'ox£<ution, ct ll semblc 

pourtant que notre academic frangaise ait etabhe sur ce module, 
sinon que, commc au hou du Roi elle n’a eu qu’un cardinal pour 
protecteur, uissi m 1 k u des grandes matures de la premiere elle ne 
s'est rteervC que des questions de grammaire et tout au plus de 
rhltonque pratique ” M Although Sorel is an enemy of the Academy 
and is tr>ing to belittle it, as the quotation plainly shows, his state- 
ment is plain, and the obvious inference would be that Rivault, 
himself influenced by the Hmoiistt, as wt have shown, in turn in- 
fluenced the h rent h Academy 1 he correctness of Sorel's statement 

** Hxstmre de VAcadlmu fra,n$atse jmqu’en J8$0 (Paris, 1867), VAcadhme 
franqaxse sous l ancten regime ( Pans, 1909) 

« Op <*t, p 18 

u (huvres, *d Gonrart, I 727, & Chapelam 

w Peiresc furniflhes a much clearer use of the expression m this sense than 
does the example in t ittrts taken from a U tier of Balrac to Conrart (2 novembre, 
1683) which is referring definitely to the Academy Peiresc refers ( Lettres , I 
262, 1627, h Dupuy) to the HecucU ties leUres nouvcllee put together by Faret 
(Paris, 1027, 8 U ) as follows * verruy trex volontiers ce rccuetl de lettres 
dea beaux esprits quand ce ne Beroit que pour 1 amour de M r de Malerbe, qui est 
bien do mes amys 

" Cited byj net in his edition of Pelhseon et Olivet, Btstoirs de I A&uMmw 
,1 476 
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cannot be examined at this time because of the innccessibihl v of the 
work, whirh apparently is not to be found in Aim rua It opens up, 
however, an interesting vista of investigation on which I hop* to 
report at another time 

It is evident from the facts presented that tht Vmon^ti wire a 
large and important organization in sc \entte nlh-centurv Rome, that 
they had many celebrated personages among their jw mbtrs, and 
that thtir gatherings were large and brilliant, the most magnificent 
bong probably the funerils held m honor of forint i presidents We 
have also seen th it a cert un number of hrtnchmtn, mostly scholars 
or of scholarly inclinations, were members, uvl tint thiough their 
oomicclions in Franeo and the connections of certain ltalitn im tubers 
this body must have been well known in Pans, teitainlv imong the 
group of savants gathered about Pierrt Dupu>, which contained 
several members of the French Academy In partuuhr we have 
shown that one French member of the Unwrinh, inspired by his 
recent election to the body, wrote a book which >orel cl urns to be 
tht model outline of the organization of the French Academy If 
this statement can be shown to have truth, thtn it would seem that 
indirectly, perhaps even unconsciously, flit Acadhnie fran^at se itself 
owes some debt to the icctuiemta digh l momti 
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SHELLEY'S BIBLICAL EXTRACTS 
A LOST BOOK 


BENNETT WEAVER 
I 

T HL influence of Godwin and the trench philosophers upon the 
growing Shelley was great, but it has, I think, been sufficiently 
insisted upon Were one selecting a work to illustrate this influence 
he would doubtless choose Queen Mab However, as he entered into 
a study of that document, which concerns itself “with moral and 
political speculation, as well as the subtler discriminations of meta- 
physical and religious doctrine,” 1 he would be arrested by the fact 
that the young man was compiling a work called Biblical Extracts 
at the same time that he was composing the poem He would 
observe, also, that the Biblical Extracts and the poem were both 
completed before “the long and philosophical notes” attached to 
Queen Afo6, notes which carry evidence of the author's interest in 
Godwin and the French,* were finally assembled Not, then, desiring 
to belittle a patent influence ensealed in scholarly tradition, he would, 
nevertheless, wish to study the evidences of a supplementary Biblical 
influence and to hypothesize the contents of the lost book For the 
Btbhcal Extracts lost in reality, seems lost almost as completely by 
entice of Shelley 

1 Letter to Mgh Hunt, June 22, 1821 

1 bating our selections before May, 1813, in that time when BheUey was 
devouring Godwin, Condurcet, D'Holhach, Diderot, Helvtftius, Rousseau, and 
Voltaire, let us notice certain sharp qualifications of hjs enthusiasm 

(a) Letter to Thomas Jefferson Hogg, May 15, 1811 “The ‘Confessions 
of Rousseau' are either a disgrace to the confessor, or a string of falsehoods, 
probably the latter ' 

(b) Proposal* for an A**omtum t pp 33-14 of 1832 edition 4 Voltaire was 
the flatterer of kings, though in his heart he despised them — so far has he been 
instrumental In the present slavery of his country Rousseau gave licence by 
his writings, to passions that only incapacitate and contract the human heart — 
so fat hath he prepared the necks of his fellow-beings for that yoke of galling 
and dfch««fable servitude, which at this moment, it bears ” 

U) In the Propotab he writes further ” Helvdtlu* and Condorcet established 
523 
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I propose, therefore, to do four things First (in point of chro- 
nology, of substance, and of purpose), to examine what Shelley wrote 
regarding the Biblical Extracts and Queen Mab, second, to examine 
those two major documents which he wrote immediately before and 
only fixe days after he first contemplated making the Exlrads } 
namely, An Address to the Insh People and Proposals for an Asso- 
ciation, third, to observe any actual deposits of Biblical materials 
m Queen Mab , and fourth, to offer a hypothetical suggestion re- 
garding the contents of the lost book 

It is m the letters of Shelley that we find the record of the simul- 
taneous preparation of Queen Mab and the Biblical Extracts By 
placing m parallel columns what he wrote we may make clear not 
only the significant simultaneity of the two works, but something 
of their common purpose All the entries in both columns illustrate 
tho first point, whereas only some of them illustrate the second It 
seems best to retain them all, however, for although they cannot 
prove a similarity m the substance of the two completed documents, 
they do point toward a probable consentaneity of purpose 

Biblical Extracts Queen Mab 

1 To Elisabeth Hitchmer t Tob 27, 1812 1 To hlitabeih Kitchener 14, 1812 

" I have met with some waverers [Speaking of Time Cf Rev 

between Christianity and Deism I 6 2] " Proceed, thou giant, oon- 

shail attempt to make them reject all quering and to conquer ! March on 

the bad, and take all the good, of the thy lonely way - The Nations fall 

principles, but if they drew conclusions, their conclusions were unsystcmatical, 
and devoid of himinousness and eneigy of method ’* 

(d) Letter to William Godwin, July 29, tSI2 "It is a book [D’Holbach s 
La Systems de la nature ] of uncommon powers, yet too obnoxious to accusations 
of sensuality and selfishness — In fact the doctrine which affirms that there 
is no such thing as matter, and that which affirms that all is matter, Appear to 
me perfectly indifferent in the question between benevolence and selMove ” 
It w "this materialism” which in hi* essay On Life (1815) Bhelley later denounced 
as “ a seducing system to young and superficial minds " In his maturity he wrote 
to Horace Smith on April 11, 1822 "The doctrines of the French and material 
philosophy are as false as they are pernicious " 

(e) Letter to Elisabeth Kitchener, June 11, 1811 "A picture of Christ 
hangs opposite m my room it is well done, and has met my look Do not 
believe but that I am sincere ’ 

<J) Thomas Jefferson Hogg, Life of SheUey, II 458 “He oertainly was at 
all times prone to discuss, to attack, or defend the curious speculations which 
abound in the writings of William Godwin, and of divers French authors of that 
age, but he never seriously and in good earnest adopted their startling and 
unhealthy paradoxes/ 11 
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Jewish Books I have often thought 
that the moral sajinga of Jesus 
Christ might be very useful, if 
selected from the mjstery and im- 
morality which surrounds them, it 
is a little work I have in contempla- 
tion ” 


2 To 7 homos Hookham, Dec 17,1812 
“You will receive the ‘Biblhal 
Extracts’ in a day or two by the 
twopenny post I confide them to 
the cure of a person going to Ten- 
don Would not Daniel I Eaton * 
publish them? Could the question 
be asked him in any manner? ’ 


beneath thy noiseless footstep — 
pyramids that for millenniums have 
defied the blast and laughed at 
lightnings, thou dost crush to 
nought Yon Monarch in his soli- 
tary pomp is but the fungus of a 
winter day that thy light footstep 
presses into dust Thou art the 
conqueror, Time I all things give 
way before thee but ‘the fixed and 
virtuous will, the sacred sympathy 
of soul which was when thou wert 
not ’ (Cf Queen Mob IX, 23 37 ) 

2 To Thomas Hookham, Aug 18,1812 
“I enilose also by way of sped- 
men all that I have written of a little 
poem begun since my arrival in 
England I conceive I have matter 
enough for 0 mote ( autos 1 he 

Past the Prewnt, and the future 
are the grand and comprehensive 
topics of this Poem I have not yet 
half exhausted the second of them ” 


3 To Thomas Hookham , lan 2, 1813 

“I think that the type and size 
of Godwin s Essay on Sepulchres 
would be a good model for The Bib- 
lical Extracts At all events I 
would wish them to be sent to the 
press If you cannot have access to 
Eaton 280 copies will suffice Small 
Christmas or Easter offerings of a 
neat little book have frequently a 
surprising effect The Emperors of 
China seem to form a singular ex- 
ception to the usual doHinhness of 
the regal race l sympathize with 
his imperial majesty, but might not 
a preface be as efficacious in pre- 
venting the circulation of Biblical 
poison as a penal law?” 

4 To Thomas Hookham per Mamet, 
Jan 31, 1313 

“In reading the Paper I peiceive 
that Coleridge has just published a 


To Thomas Hookham, Jan 20, 1813 
‘ I expect to have Queen Mab, 
and the other Poems finished by 
Mar<h Queen Mab will be m ten 
cantos and contain about 2800 lines 
The other poems probably contain 
as much more. The notes to Q M 
will be long ami philosophical l 
shall take that opportunity which 1 
judge to be a safe one of propagat- 
ing my principles, which I decline 
to do syllogistically w a poem \ 
poem very didactic is I think very 
nt upld 


To Thomas Jefsrson Hogg, Feb 7, 
1813 

“ 1 Mab ’ has gone on but slowly, 
although she is nearly finished 


* It was Eaton whose “unmerited suffering” Shelley decried in A Letter to 
Lord EUenborvugh Eaton had boen persecuted for publishing the Third Part of 
Tom Paine** Age of Reason, See Shelley to Godwin, June II* 1813 
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play called Remorse I wish you to They have teased me out of all 

send us two copies of it also a poetry ” 

copy of the Rejected Addresses 

[J and H Smith, 1812] and one of 

Campbell's Gertrude of Wyoming 

for a neighbor of ours Mr Shelley 

hopes to find some copies of the 

Biblical Extracts in the Box M 

5 To THottux* Hook ham, undated, fi To Thomas Hook ham, Feb 10, 1813 
area June, 1813? 

'‘You will receive a pared di- “Queen Mab U finished and tran- 

rented to me at your House Open scribed I am now preparing the 
it and you will find the Essay on Notes 4 which shall be long and 

Atheism, Queen Mab, and the Bib- philosophical You will reoeive it 

heal Extracts Keep the former for with the other poems I think that 

yourself (it is the only one 1 have) the whole should form one volume, 

and send the others carefully packed but of that we can speak hereafter " 

by Mail directed to be forwarded 
with core and s peed " 

Even while remembering that we have here only tnoomplete data 
kept by the salvage of chance, we must observe certain matters pre- 
sented in these parallel columns Fhe first and the most important 
of these is that the chronologic# are closely interlocked It is only 
thirteen days after the prose phrasing of certain ideas which later 
were to appear in Queen Mab that Shelley tells Mi$s Hitchener he 
has "often thought" of and has in contemplation a work which 
became the Biblical Extracts Though in August of 1821 he has 
"not yet exhausted the second” canto of the poem, by December 
of the same year he has obviously completed the prose compilation 
He does not finish the poem itself until at least sixty-four days after 
he has the "httle work” m readiness for (he publisher In view of 
the fact that there is a possible correlation between priority and 
influence, it is interesting to balance the probability of the influence 
of the Biblical material upon the poem against the probability of 
the influence of the somewhat Godwinian and French notes, which 
were not completed until four months after Queen Mab was finished 
It is at least fair to raise a question of the relative significance in 
Shelley's mmd during the actual writing of the poem (February 27, 
1812 — February 19, 1813) of the material in the Biblical Extracts 
which had been considered and ordered and the material of the notes 

4 Shelley was still at work on the notes in March, 1813, when he sent the 
poem to Kookham The poem and the note* together were brought to pies s 
only a little before May 31, 1313 flee Harriet to Mi*. Nugent, May 21, 181$ 
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which, however much it may have been considered, had not been 
ordered It would be easy to press this matter too far, for to do so 
implies a pertinent antithesis between the materials which may not 
indeed exist 1 should not raise the point were it not for Shelley’s 
having in a manner suggested it by confiding to Hookham that the 
notes were not necessarily integral with the poem, but that the poem, 
itself not “very didactic/’ was to be the means of carrying out to 
the world hia principles, rather slyly attached, as was Ulysses to the 
belly of the ram “I shall take that opportunity,” says the wily 
author, “which I judge to be a safe one of propagating my principles, 
which I decline to do syllogisti rally m a poem ” 

If it is not to overweight the argument — for I by no means wish 
to insist upon the Biblical materials’ being antithetical to the material 
m the notes, since the question is not one of antithesis but of pro- 
portional supplementation — I would now observe that the works 
which were in preparation at the same tune were Queen Mab and 
the Extracts, not the notes, Queen Mab, and the Extracts There is 
no mention of the notes until forty days after the completion of the 
Biblical compilation Ihe notes, then, need not be deeply involved 
in the consideration of the fact that the two other works, being written 
at the Bame time, were prepared largely in the same spirit and with 
the same purpose There is no suggestion of bheiley’s being aware 
of anything contrasting or destructively opposite m “all the good of 
the Jewish Books,” in “the moral sayings of Jesus Christ,” and that 
good and that morality which he had before him in writing the poem 
To raise this question m the presence of Shelley’s intelligence is to 
answer it finally Indeed he knew well enough that embedded within 
the Bible was just that material which would hit early nineteenth- 
century “Christianity” the hardest blow, and would hit in the same 
vital place w here he intended his poem to strike In contesting for 
the poet’s sensutrveness to Biblical precept* I would hardly go so 
far as to maintain that he did not let the right hand of his poetry 
know what the left hand of his compiling did 

II 

It will now aid our speculation if we glance at the Irish documents 
which Shelley “gave to the world” immediately before and after his 
first contemplating the Biblical Extracts This examination although 
cursory will, I think, suggest to us the legitimate genesis of his plan 
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lo begin with, we may assume that Shelley had long been familiar 
with the Bible, although not so intimately m his earlier as in his 
later years 6 Further wo may note that in the early part of 18X2,* 
when he was preparing his Address to the Irish People , he not only 
dramatized himself as an apostle but, unless I am mistaken, he 
consciously and purposefully adopted certain of the simplicities and 
nuances of Paul's language It will be remembered that the great 
parvenu had said (II Cor 11 29, 12 10, I Cor 9 1) “Who is 
weak, and I am not weak?" “When I am weak, then am I strong", 
“Am I not an apostle?" So Shelley cries out to the sister of his 
soul, Elizabeth Hitchener “I — even I, weak, young, poor as I 
am — will attempt to organize them, the society of peace and love 
Oh ! that 1 may be a successful apostle " And just as Paul admits 
to the Connthians that he has treated them as “babes," to be fed 
"with milk, and not with meat" (I Cor 3 1-2), so Shelley confides 

• (o) Percy Bysshe Shelley, note vil (11 135-136) on Queen Mab “ A book is 
put into our hands when children, called the Bible ” 

(6) Adolph Droop, Die Bdenenh&U Percy Bysshe SHdl«y' a, p 7 “ Die Bibel war 
ernes der hebsten Bttoher des 4 Athelsten ’ Shelley In Tanyrallt macht er Auaosttge 
aus der Bibel, in der Abmcht, sie herauszugebcn ” 

(c) Mary Shelley, note on the poems of 1816 "It wae his frequent habit 
to read aloud to roe in the evening, in this way we read, this year, the New 
Testament ' 

Note on the poems of 1817 44 In English, the Bible was his constant study, 
he rend a great portion of it aloud in the evening,” 

Note on The Revolt of l dam 44 To these [the poets] may be added a constant 
perusal of portions of the Old Testament — the Psalms, the Book of Job, the 
Prophet Isaiah, and others, the sublime poetry of which filled him with delight ” 
[Cf also Mary Shelley's note on Prometheus Unbound ] 

Her Journal in Shelley and Mary, n p , n d , Vol II (1820) 

<( Saturday, Jan 1 — Read Livy, work Shelley reads the Bible, Sophocles, 
and the Gospel of St Matthew to me” (p 467) 

44 Wednesday, Jan 8 — Shelley reads Sophocles, the Bible, and ‘King John ’ 
finish Proverbs, Ecclesiastes, and Solomon's Song” (p 471) 

44 Wednesday , Feb £ — * Shelley returns from Leghorn, he reads Isaiah aloud 
to me” (p 473) 

u Tuesday, March $ 4 — Shelley finishes the 'Leviathan' of Hobbes, reads 
the Bible aloud” (p 483) 

1 am including only these entirely authoritative statements, although I 
would fully credit in this matter the statements of Hogg, Medwin, Hunt, and 
Dowden 

1 The first mention of the Address stands in a letter to Elisabeth Hitchener, 
January 20, 1811 This work was being printed op February 20, 1812, just seven 
days before Shelley wrote to Miss Hitchener that he had “often thought" of 
compiling the BtHiaU Extracts The Proposals did not leave the press until 
March 4, or five days after he had had tits other “little work in contemplation*" 
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that hi writing the Address he took “pains that the remarks which 
it contains should be intelligible to the most uneducated minds — 
In so doing I have but translated my thoughts into another lan- 
guage ” That other language, I do not doubt, was the language of 
St Paul and of the great Teacher whom Paul emulated 

Beyond the matter of language it is to be observed that the 
principles which Shelley conveys to the Irish are in many respects 
drawn forward either directly or indirectly from the Sermon on the 
Mount His statesmanship, which has suffered no fatal divorce 
from “ethical science /' 7 is briefly this To win freedom be pure in 
heart, resist no evil, love your enemies, and in that love bnng peace 
Upon these basic appeals the countless changes are rung, and he 
who runs may hear them throughout the documents 

I stress this matter because I want to make it patent that Shelley 
is drawn by intense passion to one single purpose at the very time 
he oonceives of his poem and contemplates his compilation, and it 
were a strange thing indeed if, set in a single purpose, he should 
write a poem largely to promulgate Godwmwin and French philoso- 
phy, and compile the Biblical Extracts to disseminate “all the good 
of the Jewish Books/' or “the moral sayings of Jesus Cbnst ” 

III 

In turning to Queen Mab I should like, first, to consider the general 
similarities in principle existing between the poem and the traditional 
convictions of the Hebrews and, secondly, to note any specific simi- 
larities coasting between the poem and the Bible It is m a general 
way true that the passion for social righteousness so warm in the 
young poet was traditional among the prophets and with Jesus 
They, too, cried out against oppression and for brotherhood, they, 
like Shelley, tended to objectify oppression in oertain functionaries 
and institutions It was natural that the nomadic Hebrews coming 
in contact with the more commercial peoples established m cities 
along the trade routes of Palestine should in moments of high racial 
consciousness be critical of the ways of the Philistines And as the 
Hebrew race began to lose its identity through inevitable fusion with 
the “heathens/' it was natural that the more inspired of those to 

7 letter to fti#abeth Kitchener, January 7, 1813 “The most fatal error that 
ever happened la the world waa the separation of political and ethical science ” 
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whom the laws of the tribal Jehovah were precious should speak 
against the evils of the latter days The basic racial conflict was 
often objectified in prophetic charges made against local baals 
(owners or lords) maintaining themselves richly in a commercial 
crvihzation supported by sympathetic ecclesiastical, judicial, and 
military groups In brief, the prophet of the true God, being at 
heart a nomadic tribesman, spoke fiercely against kings, pnnces, 
and the nch associated with them He attacked judges who were 
not merely elders of the tribe called upon to see that man should 
deal justly with man, but who were specialized functionaries manipu- 
lating an intricate legal system for the convenience of the powerful 
With a peculiar and an instinctive antagonism he attacked priests 
who were the ecclesiastical supporters of monarchy and “ things as 
they were ” Having sensed how the oppressor maintained himself 
on the one hand by controlling the administration of earthly laws 
and on the other by regulating the ministrations of the heavenly, 
he poured his wrath upon the tyrant, withheld himself from the “red 
slayer/' and anticipated those times when war, the great instrument 
of the tyrant, should be no more Finally, being caught by despair 
over the insouciance of men, the prophet sublimated his dark agony 
into a philosophy of love 

I submit that these antagonisms and this sublimation were es- 
sentially the same as those of Shelley I do not suggest that he 
denved his convictions or his hopes entirely from the Scriptural 
source, or to any exact degree from that source Shelley was Shelley 
There was, too, a French revolution, and there were philosophies of 
that revolution The young poet knew these philosophies, and in 
1812 and 1813 he seemed to respond in some measure to them 
Further, many of the tenets of these philosophies cannot be sharply 
distinguished from certain principles of the prophets It is a mixed 
matter Yet it is difficult to av old concluding that there are general 
similarities in principle existing between the young poet and the 
prophets * 

This conclusion can only be supported by a glance at the Biblical 

1 These similarities will be made clear by the following parallel readings 
1 Samuel 8 10-18, and Queen Afob III 80-83, 57-60, 118-122, IV 237, 245 
Amos 6 1,4,6, 3 16, 9 2, Isaiah 3 15, 5 8, and Queen Afab V 53-00 
Zephamah 3 3, Amos 2 3, Mieah 7 2, 3, and Quern Mob IV 196-207 
Hose&d 9, Malachi 2 1, 3, and Quern Mab VII 44-46, IV 104-107 
Isaiah 2 4, and Queen Mab IV 168-169 
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materials used more directly in the poem Although it may justly 
be felt that some of the following parallels arc little more than 
commonplaces, yet if there does exist any real parallelism between 
what Shelley may have been collecting into his Btbhcal Extracts 
and what he was writing into Que(n Mab, then we must give it 
consideration 


The Bible 

1 ' And now also the tixo is laid unto 
the root of the trees therefore 
every tree which bnngeth not 
forth good fruit is hewn down ” 
— Matt 3 10 

2 H the pestilence that walketh 
in darkness " — Ps 91 6 


3 “The Spirit of the Lord is upon 
me, because he hath anointed me 
to preach the gospel to the poor * 
- Iuke4 18 


4 “One generation jiasseth away, 
and another generation cometh 
but the earth abideth for ever ” — 
Ecclee 1 4 [For the complete 
quotation of Ecclcs 1 4-7, see 
Shelley s note ] 


5 “ a perfect and just measure 
sh&lt thou have ” — Deut 26 16 

6 “The fool hath said in his heart, 
There is no God" — Fs 14 1, 
53 1 


7 “ he [Moses] slew the Egyp- 
tian ” — Exod 2 12 


8 [See Gen 1^3] 


Queen Mab 

1 Let the axe 

Strike at the root the poison tree 
will fall ” — IV 82-83 


2 The pestilence that stalks 
In gloomy triumph ' — IV 188- 

189 

3 ‘ * Look to thyself, priest , conq ut ror, 

or prince 1 

Whether thy trade ib falsehood 
and thy lusts 

Deep wallow in the earnings of the 
poor, 

With whom thy Master was * — 

IV 237-240 

4 “Thus do the generations of the 

earth 

Go to the grave, and issue from the 
womb, 

Surviving still the imperishable 
change 

That renovates the world ” — 

V 1-4 

6 “In just and equal measure alt is 
weighed ” — V 236 

6 “‘Weep not, child P cried my 
mother, ‘for that man 
Has said, Them is no God ’ ” — 
VII 12-13 


7 “A murderer heard 
His voice in Egypt 1 — VII 100- 

101 

8 


“From an eternity of idleness 
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9 [In the footnote* to A Ref utation of 
Deism Shelley has left an ample 
record of hi* reading the Hebrew 
history of the conquest ] 


10 [Shelley’s note on this passage, too 
long to be entered here, contains 
Biblical material which obviously 
should be used in a parallel study ] 


11 For many are railed, but few are 
chosen ” — Matt 22 14 

12 " he treadeth the wineprcea of 
the wrath of Almighty Ood " 
— Rev 19 15 


I, God, awoke, in seven days' tod 
made earth 

From nothing, rested, and created 
man 

I placed him in a Paradise, and 
there 

Planted the tree of evil, so that he 
Might eat and perish” — VII 
106-111 

9 "Here I command thee hence to 
lead them on, 

Until, with hardened feet, their 
conquering troops 
Wade on the promised soil through 
woman’s blood" — VII 117- 
119 

10 "One way remains 
I will beget a Son, and He shall 

bear 

The sms of all the world, He shall 
arise 

1 n an unnoticed comer of the earth, 
And there shall die upon a cross, 
and purge 

The universal crime ' — VII 134- 
139 

11 "Many are called, but few will I 

elect " — VII 156 

12 " Drunk from the winepress of the 

Almighty’s wrath H — VII 218 


In Qtteen M<ib the verbal echoes from the Bible and the ldoaa 
borrowed from it, ranging as they do from Genesis to Revelation, 
not only enhance the significance of the more general similarities, 
but also support the t hesis that m writing the poem Shelley did not 
divorce his mind from the Biblical material over which he was 
simultaneously working However light or weighty one may think 
these similarities to be, they should make it unnecessary any longer 
to regard the poem as largely a versification of Godwinian and 
French philosophies 

IV 

We now come to an interesting speculation What did the 
Biblical Extracts contain? I wish to draw my suggestion from two 
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tables Table I indicates the number of instances in all Shelley's 
work — romances, letters, notes, prefaces, essays, poems, and prose 
and verse fragments — in which he in some manner either employs 
Biblical material or makes reference to the Bible These instances 
are registered according to books, preference is given to the more 
probable book when two are involved and to the most probable 
when more than two are involved In establishing the preference 
accuracy can sometimes be no more than approximated Further- 
more, the instances are arranged in six columns under six heads, the 
first three of which respectively indicate that some idea from the 
Bible is used and approved, or used but disapproved, or used in a 
neutral way The last three, in order, indicate references favorable 
to an idea, or unfavorable, or neuter * In the first three columns 
there is cither a direct use of Biblical language or in some few in- 
stances an indirect use of it For the sake of compactness I have 
included in the tabulation only those books the materials of which 
have been used or referred to at least five times 

• In order that these classifications may be the clearer, I wish in each case 
to offer a type illustration I select these from the prose although the principle 
of classification is the same in the poetry The symbolg are explained m <on- 
nection with Table I 

3 + “Depend, then, not upon the promises of Princes" — Address to the 

Irish 

“Put not your truBt in princes ” — Ps 146 3 

2 — “I will admit that one prediction of Jesus Christ has been indisputably 

fulfilled I come not to bring peace upon earth, but the sword ” — A 
Refutation of Deism 

“I came not to send peace, but a sword " — Matt 10 34 

3 0 "You are ‘the deaf adder that stoppeth her ears, and harkeneth not to 

the voice of the eh&rmer ' — • letter to EUrabeth Hitchencr 
“They are like the deaf adder that stoppeth her ear, Which will not 
harken to the voice of charmers ” — Ps 68 4-6 

4 K ■+■ "Even when recommending Christianity you cannot forbear breathing 

out defiance, against the express words of Christ “ — Loiter to Robert 
Southey 

I assume that the reference here is to Matt 6 44 "Love your enemies ” 

6 ft — "The loathsome and minute obscenities to which inspired writers per- 
petually descend might corrupt, were they not so flagitious as 
to disgust ” — A Refutation of Deism 

6 R0 "It describes the result of my battle with their Omnipotent God, his 
pulling me under the sea by the hair of my head, like Pharaoh " — Lettei 
to C and J Ollier 
Reference Exod 14 28 
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TABU I 

COMI’LBTP I IBT Ol BlfiUCAL PaBBAOKB UftLD f>B REriSftRED TO BIT ^UELLBT 

P - PrfMW 0 - Idea used ui » neutral way 

V - \erae K + - favorable reference to an idea 

+ - Idea used and approved H - - Unfavorable reference to an idoa 

— * Idea used but disapproved R 0 «- Neutral roferetue to an idoa 


Old Tewtamfnt * 

+ 

- 

0 

R + 

It- 

II 0 

Genesis 

1 P 


0 P 

2 P 

4 P 

4 P 



1 V 

12 V 


1 \ 

2 V 

fxodus 

l P 

2 P 

3 P 



1 P 






2 V 

1 V 

Deuteronomy 

1 P 

2 P 



1 P 



1 V 


1 V 




Joshua 


2 P 



2 P 

1 V 

I Chronicles 



1 P 



2 P 




1 \ 




I— II Samuel 

1 P 

1 P 

2 V 


3 V 


I-II Kings 



i V 



1 P 



2 V 



2 V 

Job 

1 P 

1 P 

8 P 

2 P 


1 P 

3 V 


9 V 


IV 

1 V 

Psalms 

5 P 


6 P 







8 V 




Feclesiastea 

2 P 

2 P 

11 P 





4 V 


3 V 



1 V 

Isaiah 

7 P 


2 P 



2 P 


4 V 


2 V 




New Testamekt t 







Matthew 

41 P 

4 P 

35 P 

10P 

3 P 

3 P 


22 V 

2 V 

32 V 

1 V 

2 V 

2 V 

Mark 



3 P 


2 P 



2 V 


2 V 




Luke 

3 P 

2 P 

10 P 

2 P 

2 P 



3 V 


8 V 


2 V 


John 

4 P 

1 P 

11 P 


4 P 



0 V 


5 V 

3 V 


IV 

Acte 

4 P 


1 P 

1 P 






2 V 




Romans 

1 P 

1 P 

1 P 



1 P 




IV 




I Corinthians 

6 P 

1 P 

1 P 





1 V 


5 V 




Galatians 

4 P 


1 P 


i 



1 V 





1 V 

Revelation 

1 P 


4 P 







12 V 





* In addition result* for the following books are indicated Numbers -IP 
01V Proverbs 0 2 P Song of Holomon 0 1 V . EseklelOlP IV R-2P 
Darnel 0 l P , Hoeea R - 2 P Amos +1V, Micah +1P, -IP 0 1 V In- 
cluding these figures with those given in the table for the Old Testament we have the 
following results 107 P 68V . total 176 

t In addition results for the following books are indicated Ephesians 0 1 V , 
Colostians + 2 P -IP Philippian! + 1 P , Titus + 1 P + 1 V Hebrews 
+ I V 0 1 P * I Peter +1P 01P I John 4* 1 F +1V, James + 2 P 0 1 P 
including three figures with those given in the table for the New Testament we have 
the following results 180 P 120 V , total 300 The grand totals of Table 1 are 
for prose 287 for verse 188 and for both prose and verse 475 
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If, now, alike from the Old Testament and from the New we 
select the five books inchoating the greatest im and reference, we 
shall have the basis for Tabic II lhin table indicates the number 
of times the various chapters of the most highly preferred books 
are in some part used or referred to, eit her in a neuter or in a favorable 
way 1 rom this table the negative has been excluded It shows 
us, then, rather specifically the preferred portions of the preferred 
books, and tna> serv e as the basis for the speculation w hich we wish 
t-o make I hasten to say, however, that I do not think that we 
can regard the mere number of uses and references as anything 
more than indicative As wo art familiar with Shelley’s fondness for 
both Isaiah and Job the tabulation will, at these points, soem to 
declare its inadequacy There is also the question which must be 
raised about the accuracy of using materials from works written after 
the Btbhcal Extracts was prepared The ox pin herd, even though it 
is qualified by retrosupposition, appeals to me to have this in its 
favor It offers us a much more ample body of data than would 
the consideration of those few let ters, documents, and poems written 
before December 17, 1812, and, further, it does not seem to involve 
us in a contradiction of any of thow Biblical influences becoming 
apparent before that time, but seems rather to strengthen our con- 
clusions It does not, I believe, change essentially but rather fulfills 
the proportions of those influent es P inall> , I am including the entire 
Bible in the investigation since this procedure will satisfy the con- 
dition of Shelley’s having used “all the good of the Jewish Books ” 
“The moral sayings of Jesus” can easily be placed within the larger 
frame 

Reverting to Shelley's first mention of the Biblical Extract*, we 
recall that two different w r orks were adumbrated The first was 
intended to make the waverers between Christianity and Deism 
“reject all the bad, and take all the good, of the Jewish Books ” 10 
The second was less ambitious, “a little work” designed to present 
“the moral sayings of Jesus Christ selected from the mystery and 
the immorality which surrounds them ” If we study our table with 
a view to determining what the larger work might have been, we 
may in a general way feel that the data corroborate what we should 

l * The Refutation of Dmm (1814) would seem m part to meet this design 
It is at least specific and pronounced in rejecting some of “the bad of the Jewish 
Books ” 
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• The references beyond Chapter 24 are Job 31 1 \ 38 3 P 39 1 P 41 IP Psaima 36 IP 57 IP lv 90 ] 
103, 2P 130 IP 140 IP 146, 1 P Isaiah 34, 1 P 35 1 P 531P2V Matthew 26 2P7V 277P8V 
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naturally expect In the Old Testament, as Mary Shelley specified 
in her note on 7Vie Revolt of Islam , it was “the sublime poetry of 
the Psalms, the Book of Job, the Prophet Isaiah” which “filled him 
with delight ” His “constant perusal " of Job led him, in his Essay 
on Christianity, to refer to it as “the sublime dramatic poem” which 
had familiarized the imagination of Jesus Christ “with the boldest 
imagery afforded by the human mind " Ecclesiastes, he further felt, 
“had diffused a seriousness and solemnity” over that same divine 
imagination I should, however, question the inclusion of Genesis 
since it is largely the material of Chapters 1, 3, and 4 'which engaged 
his mind, and that m a way distinctly neuter So fur as the Old 
Testament is concerned, therefore, I should suggest that the Biblical 
Extracts might have included Job and Ecclesiastes entire, a con- 
siderable selection from Psalms, and those chapters of Isaiah which 
are spiritually the most imaginative or which arc wannest with the 
essential social passion of the prophets If materials from the New 
Testament were used, 1 should suggest that beyond a synthetic 
selection from Matthew, Luke, and John there might have been 
passages culled from the Pauline epistles, those passages particularly 
in sympathy with the “sayings of Jesus Christ,” of which I Corin- 
thians 13 would be an example The omission of James m the New 
Testament is as difficult to account for as the omission of Amos in 
the Old 

If, however, we study the table with a view to determining what 
the “little work” might have contained, we may feel more certain 
of our conclusions First, we are told that it is to contain only “the 
moral sayings of Jesus Chnst solected from the mystery and the 
immorality which surrounds them ” The work, then, will not include 
anything outside the Gospels, and it will not, in all probability, 
molude anything from Mark, which seems to have left Shelley's 
imagination cold The nuclear book in the synthetic study will be 
Matthew John will be used to supplement the more spiritual parts 
of Matthew, as will those parts of Luke which are free from the 
mystery of the virgin birth and the miracles The core of the com- 
pilation will be the Sermon on the Mount I would say, to be as 
definite as I oan be in a brief way, that the Sermon would be the 
touchstone by means of which material would be tested for either 
inclusion or exclusion from the Biblical Extracts The data of 
Table II indicate in part the material that had the greatest proba- 
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bility of being included, 11 and that, as I have said, is the material of 
Matthew 5- 7 

It is my opinion that if the Btbhcal Extracts are recovered they 
will be found to be the “ little work/' and that the “little work” 
will contain principally a synthesis of “the moral sayings of Jesus 
Christ,” just as Shelley wrote And w r ere it such a work it would 
aid ur not only in understanding some of Shelley's inspiration in 
wntmg Queen Mab but in understanding better the full development 
of his social and poetic genius 

University or Michigan 

n I would invite especial attention to the parallel study of the Gospels 
begun in Shelley’s notebooks now in the Huntington Library 
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F ROM October, 1931, to October, 1933, sixty problem children 
were referred to Western State Teachers Colltge for study In 
view of this responsibility the first aim of the clmic is service to the 
community, the second is cooperative research on the part of faculty 
members, centering not only upon diagnosis but remedial treatment 
as well, and the third is the training of a limited number of com- 
petent students in dealing with psycho-educational problems which, 
perhaps because of mass instruction and social and economic stress, 
seem to be increasing in number 

INt IDENCE AND SOURCES OF CASES STUDIED 

The sixty cases mentioned were referred from the public schools, 
parents, relatnes, and social and health agencies in areas adjacent 
to Kalamazoo Tables I and II show distributions of chronological 
and mental ages of these children Table III presents a distribution 
of I Q 's for the same group In Table IV are listed the most com- 
mon complaints in order of frequency In several cases two or more 
difficulties were associated 

PROCEDURE FOLLOWED IN DfcALINO WITH CASES 

Problems of \anous tjpes of maladjustment referred to the clinic 
are first handled by the Department of Research In each case a 
careful and somewhat detailed history is obtained which consists of 
(1) a definite statement of the problem, (2) family history, (3) de- 
velopmental and medical history, (4) school history, and (5) clinical 
data comprising anthropometric and educational measurements, re- 
sults of Binet and performance tests, and, in certain cases, reports of 
psychiatrist, physician, or eye specialist After the case history is 
fairly well completed the problem is referred to some member or 
members on the staff best fitted by training and experience to handle 
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TABLE I 


Distribution of 

Casks by Chronological Age 

C ,4 

18-20 

Frequency 

Percentage 


16-17 

8 

13 


12-14 

21 

36 


9-11 

19 

32 


6 8 

12 

20 


3-6 




Total 

60 

100 



TABLE II 



Distribution 

of Casks by Mental Age 


M A 

Frequency 

Percentage 


16-17 

6 

9 


12-14 

16 

26 


9-11 

23 

38 


6-8 

16 

25 


3-6 

2 

3 


Total 

60 

100 



TABLE III 



Distribution of 

Casks by Intelligence Level 

/ Q 

Frequency 

Percentage 


Above 130 

l 

2 


1 10-129 

1) 

18 


90-109 

26 

41 


70-89 

18 

80 


Below 70 

6 

9 


Total 

60 

100 



TABLE IV 



Classification of Casks Studied 


Type of difficulty 

Frequency 

Reading deficiency 



31 

Physical defects 



7 

Mental retardation (marked) 


7 

School retardation (could be applied to most eases) 

5 

Anthmetio difficulties 



2 

spelling deficiencies 
Classification 



2 

7 

Social maladjustment 



6 

Speech defects 



3 

Nervousness 



2 

Marked malnourishment 



1 
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behaviob 27 (total) 

Stealing 2 

Disobedience, rebelliousness, etc 5 

Fighting, bullying 2 

Laziness 2 

Dislike for school (attitude) 5 

Setting fires 1 

Need for mx education 1 

Mother dominance or pampering 8 

Flighty attention 4 

Temper 1 

Irregular school attendance 1 


it Some cases are dealt with by faculty members only, and others 
are assigned to certain students who make home visits, gather data 
from various sources, and carry out remedial suggestions under the 
direction of the staff adviser 

After sufficient study of the problem has been made, and after 
written consent of the parents or guardian has been obtained, the 
case is reviewed at a staff meeting Ail information available is 
presented by the faculty member in charge or by a student under 
his supervision Frequently the child is brought before the group 
for questioning and for the purpose of demonstrating certain abilities, 
disabilities, and reactions An attempt is made to formulate a tenta- 
tive diagnosis and to outline remedial procedures Stenographic 
records of those meetings are kept for each child studied The 
staff recognizes four major types of cases those m which (1) the 
main responsibility should be earned by some faculty member alone, 
(2) the responsibility for diagnosis and treatment should rest with 
a psychiatrist, (3) careful study is required, but with remodi&l treat- 
ment left in the hands of parents, teachers, or social worker, and 
(4) various forms of advisory service are required 

TENTATIVE EVALUATION 

No objective criteria of satisfactory adjustment have been set up 
for the evaluation of remedial treatment However, the term "satis- 
factory adjustment" has been used to indicate that the original 
problem of the child has disappeared and that a normal relatlqn- 
ship has been established, "partial adjustment" in cases in which 
the basic problem was cleared up, but in which certain new problems 
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arose to threaten normal relationships between the child and his 
environment, “unimproved" to indicate that the underlying causes 
of the maladjustment have not been removed or modified by treat- 
ment In problems involving (ducational maladjustment, objective 
measures are given to indicate growth, but in the so-called behavior 
problems judgments given by parents and teachers are the only 
means of evaluation and these at best are subjective Of the sixty 
children studied at Western State Teachers College 25 per cent were, 
according to these standards, satisfactorily adjusted, approximately 
52 per cent were partially adjusted, and 23 per cent showed no 
improvement whatsoever Similar results, evaluated in much the 
same manner, are reported by Lowrey and Smith at the Institute 
for Child Guidance in New York C lty 1 

introdlction 

A reading case classified as “partially adjusted" was referred to 
the staff by a father because of his son’s unsatisfactory work in 
history and geography and because of his inability to read The 
case is briefly summarized as follows 

John is a likable boy, thirteen years and seven months of age 
He has a quiet, retiring disjxmtion and is as much at ease when 
conversing with strangers as with friends He is very sensitive, 
easily offended, and appears quite lacking m a desire to fight for 
his place He is well mannered and has none of the boisterous traits 
that are often characteristic of his age He is passively interested 
m boys as playmates, but likes scouting activities and out-of-door 
sports His home is one of the best in the city, and his mother and 
father, who are both college graduates, are interested m the welfare 
of their children 

INTELLIGENCE AND FACTORS AFFECTING PERFORMANCE 

A brief summary of clinical data indicates average intellectual 
capacity The mental age, as determined by the Binet-Simon, is 
fifteen years and one month and the intelligence quotient is 112 
The form boards as well as the Binet show average innate capacity 
On these tests his median mental age is fourteen years and the median 
percentile is fifty Scores on the Knox Cube Test, substantiated by 

1 Lowrey, L O , and Smith, Geddee, The Institute of Chid Guidance, 1927-$$, 
The Commonwealth Fund (New York, 1923), p 66* 
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later tests, suggest poor visual memory Both right and left hands 
were used in completing the form boards, and in two instances re- 
versals Here made on the Cube Test foresight and caution may be 
inferred from the results of the Porteus Maze Superior ability to 
analyze a situation and to sense relationships is suggested by achieve- 
ment on the Healy Pictorial II The Oates Perception Tests J 
indicate normal ability to pcrcuve and select geometrical figures 
However, extremely low scores were obtained on the tests involving 
the perception of digits and words With the exception of these 
tests the measures indicate average performance and suggest ability 
to do satisfactory academic work 

A study of family history, home conditions, developmental 
history, and present health status shows no factors which in any 
way interfere with the child’s ability to do satisfactory school wmrk 
Visual and auditory acuity are normal, and eye-preference tests 
indicate left-eye dominance A careful physical examuntion re- 
veals that in all respects John is decidedly above average in physical 
development No evidence of glandular disturbances was found 
Anthropometric measurements furnish evidence of superior physi- 
cal development and suggest average intelligence and a tendency 
to put forth but little effort in activities involving volition Right 
and left gnp are decidedly below average In addition to the usual 
childhood diseases, such as measles, mumps, and chicken pox, lohn 
has had an acute attack of appendicitis which has necessitated the 
removal of his appendix He walked at the age of thirteen months 
and talked at the age of twenty months He is left-handed, but 
has been taught to use his right hand for many purposes such as 
throwing a ball and writing 

SCHOOL HISTORY 

John entered kindergarten when he was five and one-half years 
old and, according to school records, he made a very satisfactory 
adjustment emotionally and socially, but from the beginning had 
difficulty m learning to read, which, according to his teachers, was 
explained by his inability to talk plainly In spite of this deficiency 
he made normal progress until he entered the third grade At this 
level he failed to be promoted because of spelling and reading dis- 

1 Gates, Arthur I , The Improvement o/ Reading (The Macmillan Company, 
New York, 1W9), pp 3SS-398 
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abilities His mother and teachers report a marked tendency toward 
reversals, and it was at this stage that John acquired a distaste for 
reading He passed the fourth, fifth, and sixth grades normally, but 
still showed marked deficiency in reading He has since entered 
junior high school and his grades for the first year were English 
"C,” mathematics " B,” social science ** C,” general science ** C,” 
art “A,” physical education “B,” and printing “B ” However, m 
spite of these marks, his score on the Sangren-Woody Reading Test, 
June, 1932, was that of a child two months in the fourth grade, and 
his only interest in readmg was that which dealt with mechanical 
subjects 

INITIAL STATUS IN READING 

A survey of the results of reading tests indicates that John is 
decidedly below standard His average reading grade, determined 
by certain results of Gray's Oral Reading Paragraphs,* the lota 
and Word Discrimination tests, and from the composite score on 
the Sangren-Woody Reading tests is that of a child seven months 
in the third grade Assuming the expectancy grade to be that of a 
child five months m the seventh grade, the reading index is 0 49 or, 
in other words, John is reading only half as well as ho should 
read 

tentative diagnosis and suggestions for remedial work 

It is assumed in this case that John is intelligent (Btnet I Q 112, 
Performance 1 Q 103) and that he has a background of experience 
which would aid him in the interpretation of printed symbols From 
a study of the perception tests it is evident that John’s ability to 
perceive geometrical figures and his ability to match these figures is 
normal, but that his ability to match words with words is decidedly 
below normal No adequate explanation for this is possible unless 
it be due to mental set against readmg The physician’s report of 
normal visual acuity and the absence of muscular imbalance of eye 
muscles probably eliminates the physiological factor in the problem 
Careful observation of John as he reads shows (1) regressive eye 
movements with nine to twelve fixations per line, (2) marked Up 
movement and vocalisation, (3) a decided inability to attack new 

1 Monroe, Marion, ChUdr«n Who Cannot Hood (University of Chicago Press, 
Chicago, 1932), pp 183-197 
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words, and (4) no satisfactory method of reading for content An 
analysis and a classification of errors made on Oiray’s Oial Read- 
ing Paragraphs and the Iota and Word Discrimination tests is shown 
in Figure 29 A study of these data indicates that the significant 
errors are those of consonants, refusals, and words aided It is 
possible in this case that mental set against reading has been es- 
tablished early by some unknown cause, and this attitude has inter- 
fered with the development of satisfactory reading habits indicated 



ft OR ^ 

Fio 29 Profile of error* 


by vocalization, regressive movement, and excessiv e fixations These 
too frequent fixations, due perhaps to inability to recognize and recall 
certain word patterns, may be caused by poor visual memory Cop- 
sonant errors may be the result of carelessness and vocalization, 
but the outward manifestation of inner speech The picture indi- 
cates an interaction of four basic conditions (1) no satisfactory 
method of attacking new words, (2) inadequate reading habits, 
(3) no adequate method of reading for content, and (4) an un- 
willingness to master difficult tasks A bncf summary of disabilities, 
their basis of observation, and remedial suggestions are given in 
Table V 
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TABLE V 


Summary of Diagnosis 


Disability 


Basis of observation 


Remedial suggestions 


Frequent refusals and 
words aided result 
ing from inadequate 
method of word at- 
tack 

Nino to twelve fixa 
tione per line 

Frequent consonant 
errors 

Vocft]i7ation 


No adequate method 
of reading for c on 
tent 


See profile of errors 
and results of sur- 
vey tests 

Actual counting with 
mirror 

See profile of errors 


Observation while 
reading new' ma 
tcnal 

Analysis of proced ure 
while reading his- 
tory and geogra 
phy texts 


Develop method of word analysis 
by looking at beginning and 
ending of words and by find- 
ing words within words Study 
words of subject-matter area * 
Construct and use practice ma- 
terials similar to that prepared 
by Pressey f 

Follow remedial suggest ions made 
by Monroe in Children Who 
Cannot Head, pp 110-126 
Ignore for present 


Develop habit of using following 
procedure 

1 Make preliminary Burvey 

Z Notice carefully the type in 
which headings are printed 

3 Study tables, drawings, and 
graphs 

4 Watch carefully for technical 
words and master their mean 
ing 

5 Find the mam thought of each 
paragraph 

fi After preliminary survey and 
initial reading, recall content 
by reciting to self 

7 Stop after each main section 
and associate new ideas with 
data already known 



* Prcseey, h C , The Technical Vocabularies of the Public School Subjects 
(Public School Publishing Company, Bloomington, Illinois, 1931) 

t Prcssey, L C , A Manual of Reading Exercises for Freshmen (The Ohio 
State University Press, Columbus, Ohio, 1928) 
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RFMMMAL 1RI-ATMFNT AND BOLTS 

An attempt was made to develop a method of word analysis by 
looking at the ending and beginning of words and by finding words 
within words The student in charge of remedial treatment tried 
to develop the recognition and meaning of words in certain subject - 
mattor areas such as history and geography lh( Pressey lists were 
used for this purpose later an attempt was madi to construct and 
use materials similar to those prepared by Press * 3 in A Manual of 
Reading Exercises for Freshmen Ihese exercises were used to focus 
attention on thought patterns rather than on word configurations 
Remedial suggestions made by Monroe 4 were used to eliminate 
consonant errors, and, since vocalization m this cise may aid com- 
prehension, it was ignored 

After four months of remedial instruction, given four periods 
each week for twenty minutes, equivalent forms of the Stanford 
Achievement Reading Tests were administered Significant growth 
of three years in paragraph reading and of one year and five months 
in word meaning is indicated The Sangren-Woody Reading Test 
was not used on a retest because of its recent application m a test- 
ing program Later, in September of 1932, a grade score of 0 0 
was obtained on the Detroit Silent Reading lest Results of an 
equivalent form, applied in January of 1934, show a grade score of 
7 8 , or a gain of 1 8 years It should not be assumed that these 
tests measure all the factors which make up reading ability or that 
remedial instruction was responsible for all the apparent gain Matu- 
ration, practice effect, and certain emotional factors should also be 
considered in interpreting this gain The following observ ations 
have been made by John’s parents and teacher he (1) has a satis- 
factory method of attacking new words, ( 2 ) has acquired the ability 
to read more satisfactorily for content, (3) has established certain 
satisfactory reading habits, and (4) according to the number of books 
taken from libraries, shows an increased interest in reading How- 
ever, eye fatigue and inability to proceed rhythmically f ora line to 
line are reported, and it is quite possible that all the factors in the 
problem have not been adequately considered 

Western St at* Teachers College 

Kalamazoo, Michigan 
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THE EXAMINEE DEFINES “SHREWD” 


HENRY FEINBEHG 

“OHREWD” appears as the twenty-third word in om of the two 
O fifty-word vocabulary lists of the Stanford Revision of the 
Binet-Simon Tests According to Lewis M Terman (4), the “ vo- 
cabulary test was derived by selecting the last word of ivtry sixth 
column in a dictionary con taming approximately 18,000 words, pre- 
sumably the 18,000 most common words m the language,” and the 
words in this test “arc arranged approximately (though not exactly) 
in the order of their difficulty ” In reply to criticisms Professor 
Terman (5) elaborated on the efficiency of the vocabulary test in an 
article describing a study of 631 children and 482 adults A high 
correlation between the results obtained on the vocabulary test and 
the mental ages for both groups was reported, with slight differences 
m those of the two sexes Therefore, it is reasonable to assujm that 
the average individual of fourteen years should successfully difine 
twenty-five words in either of the two columns, or fifty words in both, 
and hence should be able to define correctly the word “shrewd ” 

The purpose of this paper Is to deb ramie, first, whether “shrewd’* 
is properly placed m order of difficulty, and, secondly, whether it is a 
desirable word to include in a vocabulary list that has, in part, diag- 
nosis of intelligence as its aim 

THE POSITION OP “SHKFWO” IN A VOCABULARY LIST 

In 1918 Professor Terman (5) suggested that there were certain 
words in the vocabulary test, which, because they are affected by the 
personal equation, “should ultimately be replaced by others equally 
difficult but less troublesome to score ” Margaret V Cobb (1) dis- 
cussed the order of difficulty in connection with words of tnc first part 
of the vocabulary and concluded that certain words which are more 
abstract in nature are more difficult, and hence should be rearranged 
if they are to be placed in the proper order Miss Cobb’s work, how- 
ever, was only with very young children, but she made the suggestion 
that work of a similar nature might be advantageously done with 
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other words of the vocabulary list Selling and Stein (3), m a study 
reported in 1934, compared one hundred delinquent boys with a con- 
trol group of nonddinqumts, and found that m their scores on the 
Torman \ocabulary list the former re\eakd an a\erage retardation of 
ont year as compared with the latter group Whereas Ttrman (5) 
had reported a correlation of 0 91, with a probable error of 0 0046, 
when he correlated the achievement of children on the vocabulary 
test with their mental ages, Selling and Stun found a correlation of 
0 78, with a probable error of 0 025, in the performance of one hun- 
dred delinquent boys 

Our present study was made on the basis of data obtained from 
983 children and adults examined at the Mental Hygiene Clinic of 
the Jewish Social Service Bureau of Detroit Of these, 560 were 
females and 423, males these were further divided into diagnostic 
categories, according to intelligence groupings 13b superior indi- 
viduals, of whom 60 wert ft males and 76, males, 423 normal, of 
whom 244 were female s and 179, males, 174 dull normal, of whom 97 
were females and 77, malt s , 134 border-line, of whom 74 were females 
and 60, males, and 116 feeble-minded, of whom 85 wert females and 
31, males The. chronological age of the persons examined ranged 
from 9 years upward 

All examine s were from homes in which English was spoken, and 
all were born m the United States and had lived hero all their lives 
Ail had attended public schools 

J A Magni (2) writes that “it is impossible to deny the value of a 
large vocabulary provided every word stands for a living, clear-cut 
idea Otherwise it will be so much mental baggage " With this in 
muid, let us examine the history ami the current meaning of the word 
which is the subject of our investigation 

The word “shrewd’' has a history of varied meanings The Cen- 
tury Dictionary and Cyclopedia reveals that there has been elevation 
of Its suise “from * cursed* through ' mischievous, cunning* to ‘ astute, 
sagacious ' '* For a more elaborate history of the word we may refer 
to the New English Dictionary , which is replete with meanings of 
“shrewd ** now obsolete The word has been defined as “ malicious/* 
“mischievous/* “wicked/* “depraved/* “naughty " Animals which 
have evil dispositions and which are vicious and fierce were considered 
“shrewd ** “Cursed/* “poor/* and “unsatisfactory** were synony- 
mous with “shrewd ** A bad physical condition was a “shrewd ** con- 
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dition Invents were called “shrewd" if fraught with < vil or if they 
"had injurious or dangerous consequences " "Shrewd" was used 
interchangeably with "sew re," "harsh," or "sharp" in describing 
winds or weapons A hard sound was a "shrewd sound * Signs of 
ill ome n or things ominous, persons who we re awkward or who 
scolded were designated by the term ‘ shriwd " 1 From these mean- 
ings ‘ shrewd" came to signify "cunning," "artful," "tricky" m the 
more de rog itory sense until it t \ oh eel into the meaning of "cunning," 
"sagacious," ‘ clover," ‘ discnnunatmg," ‘sharp," e»r " istutc" in 
the favorable sense (Acte fnyluth Dutiovary) 

Funk and W agnails New Slandatd Dntwnanj of 1932 defines 
“shrewd" as "having keen insight, ospumlly in small or woildly 
matters, characterize el by skill at understanding and profiting by cir- 
cumstances, displaying keen discernment , sharp, sagaeums, astute " 
Webster $ New International Dictionary of 1933 states that "shre wd 
implies native cleverness, e>r sharpness of wit or judgment, m practi- 
cal affairs", and includes "biting," "harsh," and "keen" as correct 
definitions 

lh< reason for giving the history of the word will lx noted later, 
but for our present purposes the current and hence accept tble defi- 
nitions, as listed by the several standard dictionaries, arc those which 
have the more favorable sense 

To determine whether the word is now in its approximate, ordt r of 
difficulty in the list examinees we re selected who were fe>urteen years 
or over and who, according to Tu man's diagnostic categories (4), 
were either normal or superior Results arc given in Table I 

Three hundred and twenty-five individuals of normal or sujienor 
intelligence were asked to define “shrewd " Of these, 163, or 50 2 
per cent, defined the word properly Of those fourteen years of age, 
36 7 per cent passe d the word, 30 per cent of the' females and 41 4 
per cent of the males Of those fifteen years of age, 40 p*r cent were 
successful, 41 8 per cent of the females and 36 4 per cent of the maltha 
Of those sixteen years of age or over, 56 4 per cent succeeded, 63 8 
per cent of the females and 63 4 pe r cent of the males According to 
Binet-Simon, between 66 and 75 per cent should be able to pass a 

1 Bee The New Century Dictumary of the English Language , A New English 
Dictionary on Historical Principle*, and An Etymological Dictionary of the English 
Language by the Rev Walter W Skeat, and The Century Dictionary and Cyclo- 
pedia, 
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TABLE I 

Pbrcbntaqb of Parsons Chronologically Fourteen Years of Aoe or 
Ofer and of Normal ob 8vpkrioh Intelligence Who 
Successfully Defined "Shrewd" 





Fcraaiee 

Moles 

Total 

Age In 
ye»w 

No 

taking 

teet 

PftBMd 

No 

taking 

test 

Passed 

No 

taking 

test 

Pawed 

No 

Percent- 

age 

No 

Percent- 

age 

No 

Percent- 

age 

14 

20 

6 

30 0 

29 

12 



18 

36 7 

IS 

32 

14 

43 8 

33 

12 



Mil 

400 

16 or 










over 

160 

84 

638 

63 

33 



119 

60 4 

Total 

208 

104 

600 

117 

39 

304 

326 

a 

502 


test at any one chronological age level, m order to establish the 
validity of the use of the test (4) It would seem , therefore, in view 
of our findingg, that the word “shrewd" is too difficult for children 
fourteen or fifteen years old, inasmuch as the required percentage of 
children in these age groups did not pass the test To determine 
more accurately where “shrewd” might be placed so that it would 
be in relative order of difficulty, examinees were selected who were 
fourteen years of age or over and who had superior intelligence 
Results are given in Table II 

Fifty-one persons, or 78 6 per cent of the slxty-fivt having superior 
intelligence, succeeded in defining the word This indicates that 
“shrewd" would be properly placed in the vocabulary list among 
those words given to superior adults, that is, beyond the thirty-third 
word m the vocabulary test, instead of being in the twenty-third 
place, as it is at present 

Incidentally, it is interesting to note that m the aggregate there 
were no important differences shown between the responses of the 
males and the females 

THE ADVISABILITY OF BETAININO " SHREWD " IN THE TEXT 

The second part of our paper is intended to determine the advis- 
ability of the use of "shrewd" in the vocabulary test. For this pur- 
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TABLE II 

PSBCKNTAOV OF PERSONS ChKONOLO<UCA! LY FOURTEEN ^ EARS OF AGE OR 

Over and of Superior Intelligence Who SrrccBssrurLY 
Defined “Shrewd" 



Femaloe 


Males 


Total 

Ago in 
years 

No 

Paused 

No 

Passed 

No 

Passed 

taking 

teat 

No 

Percont- 

1 ago 

taking 

teat 

No 

Percent- 

age 

taking 

test 

No 

Percent 

age 

14 

6 

3 

600 

11 

8 

72 7 

17 

11 

64 7 

15 

4 

4 

100 0 

5 

4 

80 0 

9 

8 

88 9 

16 or 
over 

28 

1 

2A 

1 

82 1 

11 

9 

81 8 

39 

32 ■ 

82 1 

Total 

38 

30 

78 0 

27 

21 

77 7 

65 

51 

78 6 


pose we carefully recorded and classified according to the sex and the 
intelligence rating of the examinees all the wrong definitions given 
in the 983 tests In so doing we soon found that the vast majority 
of these incorrect definitions were d< rogatory in character They 
related to rules of conduct, social btha\ior, manners, appearance, 
mental states, and the like The list of definitions with derogatory 
meanings w as follows 

Crow, angry, apeak croesly, to snap out of hand, a person with a bad temper, 
all worn out, dirty, shabby, not dressed very well, sloppy, rude, impolite not 
polite, not courteous, lUmannerly, not using oourtesy, interrupts butte m when 
another talks, discourteous, hurt peoples feelings, vulgar, impudent, mean, 
rough, cruel, not good, bad, throw something at somebody, stnct-Uke, not nice, 
coarse, not so good, ill way of acting, unkindly naughty, disobedient, severe, act 
hard, impossible, not frank, sneaky, not to do right, nervy, smother, throw things 
around, primitive, doing wrong, jealous not pleasant, get fresh awful bad dress, 
bashful, not pay attention, obstinate, scared, to keep away, somebody don't want 
you, shun, out short, stuck up, snobbish, coot-tike, egotistical, timid, backward, 
stubborn, shy, one who doesn’t mmd their own business, nosey, queer, withdrawn 
like, old-fashioned, mad person, odd, wild, untamed, peculiar, not knowing, not 
Up-to-date, irregular, dried-up like, eccentric, funny-looking, forlorn, mad, un- 
comfortable, ridiculous, tight-fisted, close, did not want, tore up, boasting, 
•tripped, bold, common, ignorant, somebody sues you, to throw away, don't like 
you, out all up, one who has been shot 

"Rude," “mean,” “impolite,” “bad,” and "wild” were each 
used more than any one other incorrect definition Though these 
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wrong definitions were derived from persons of all ages, that is, of 
nine years or older, the vast majority came from those of thirteen 
years or older 

Tables III, IV, and V show the numtxr of casis in each diagnostic 
category, thi number di fining the word successfully, the pi reentage 
passing, the number who frankly adrmtUd thiy did not know, thi 
nurabtr of risponses with derogatory meanings, the number of re- 
sponses with non-dc rogatory rntanmgs, the number of incorrect 
risponses, and the ratio of thi number of responses with derogatory 
meanings to the number of wrong responds given, first according to 
sex and then in total 

In the aggregate thire seems to be httli difference in thi propor- 
tion of the males and the ft mail s passing the test and in thi ratio be- 
tween the risponses with derogatory meanings and those incorrect, 
although tluri are some widt variations in the several groups, for 
which we cannot, at present, account For this ri ason only Table IV, 
giving the results for all cases, will be discussed 

Of the 116 persons of superior intelligence 65, or 47 8 per ci nt, an- 
swered correctly, 32 admitted they did not know, 39 gavi wrong 
responses, of which 31, or 79 5 per cent, carried derogatory meanings 
Of the 423 individuals of normal intelligence 125, or 29 6 pi r cent, 
answered correctly, 132 admitted they did not know, 166 gavi in- 
correct response, of which 148, or 89 2 per cent, were derogatory 
Of thi 174 persons of dull normal intelligence 23, or 13 2 per cent, 
defined “ shrewd ” correctly, 65 stated they did not know its mean- 
ing, 86 gave incorrect definitions, of which 71, or 82 6 per cent, were 
derogatory Of the 134 persons of border-line intelligence 6, or 4 5 
ptr cent, defined the word correctly, 59 did not know the word, 69 
ga\ e wrong definitions, of which 58, or 84 1 pt r cent, were derogatory 
Of the 116 feeble-rmnded ptrsons only one succissfully defined the 
word, 77 admitted they did not know, 38 gave incorrect responses, 
of which 34, or 89 2 per cent, were derogatory Of the total of 983 
persona 220, or 22 4 per cent, defined the word correctly, 365 stated 
they did not know what it meant, 398 gave incorrect definitions Of 
these 398 responses, 342, or 85 9 per cent, had derogatory meanings 

It appears that many of the derogatory meanings are not unlike 
the obsolete or archaic meanings of the word We shall not, however, 
discuss the etiological factors involved in the situation, since any such 
discussion would lead us into the realm of speculation Whatever 
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TABLF III 

Responses by Pemaif Examinee* Defining ' Shbfwd ’ Cjahbifjed 
B\ DIAGNOSTIC CaTEGORIEH 


N » did not know W = w rong D * derogatory 


Diagnostic 

group 

No 

Passu! | 



No 

Non D 



inking 

lent 

No | 

Pereeut 

uge 

No N 

No D 

No W 

RatioD W 

Superior 

60 

M j 

50 007 

10 

13 

3 

16 

81 250 

Normal 

244 

79 

32 377 

67 

87 

11 

98 

88 776 

Dull normal 

97 | 

n 

1 i 40 Z 

33 

19 

12 

61 

76 471 

Border lino 

71 

i 

4 054 

31 

35 

2 

37 

94 596 

Feeblo-imnde l 

85 

0 

0 000 

55 

29 

1 | 

30 

96 667 

Total ! 

500 

129 | 

2 HHtt 1 

199 

203 

■ g 

212 

87 600 


TABLE IV 

Response* by Maii* Examinee* Defining “Shrewd/ Ciassified by 
Diagnostic Categories 


- 

No 

taking 

test 

Passed j 

■ 





Diagnostic 

group 

No 

Pore ent 

No N 

No P 

No 

Non D 

No W 

Ratio D W 


ago 






Superior 

76 

U 

40 789 

22 

18 

5 

23 

78 261 

Normal 

179 

46 

25 698 

65 

61 

7 

68 

89 706 

Dull normal 

77 

10 

12 987 

32 

32 

3 

36 

91 129 

Border line 

60 

3 

5 0(X) 

25 

23 

9 j 

32 

71 876 

Feeble-minded 

31 

1 

3 226 

22 

6 

3 

8 

02 500 

Total 

423 

91 

21513 

160 

139 

27 

106 

83 715 


TABLE V 

Responses of All Examinees Defining “Shrewd/ Classified by 
Diagnostic Categories 


Diagnostic 

group 

1 No 
taking 
test 

I 

No 

’aased 

Percent- 

age 

1 

No N 

No D 

i .... 

No 

Non D 

No W 

Ratio D W 

Superior 

136 

65 

47 794 

32 

31 

8 

39 

79 487 

Normal 

423 

125 

29 551 

132 

148 

18 

166 

89 157 

Dull normal 

174 

23 

13 218 

05 

71 

16 

86 

82 558 

Border-line 

134 

6 

4 478 | 

59 

58 

11 

69 

84 058 

ieoble-minded 

116 

1 

862 

77 

34 

4 

38 

89 2n 

Total 

683 

220 

22 380 

365 

342 


398 

85 930 
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the cause, it sccma from the varied responses given that there is at 
present confusion as to the meaning of the word 

COVfLUSION 

From the data given we may draw the following conclusions 

1 The word “shrewd ” is placed at a level in the vocabulary list 
that is too difficult for the avi rag< fourteen- or fifteen-year-old child 
It should be transposed, if used at all, to the level commensurate with 
the words listed for the superior adult 

2 Because of the evolution of the term u shrewd " in the English 
language, its meaning is rath* r vague to a great many people of nor- 
mal or superior intelligence In order to have a valuable word for a 
vocabulary test, one conveying “a living clear-cut idea,” as expressed 
by Magni (2), it appears that a b rm less equivocal should be sub- 
stituted for this one 

3 On the basis of these conclusions we may well ad\ ance another, 
that other words m the vocabulary list should be restandardized on the 
ground not only that there may have been insufficient standardiza- 
tion at the time the words were placed in the list, but also that as 
time goes on words take on newer meanings and drop older ones 
During the period of transition from older conceptions to newer they 
are unfit for clear-cut definition 

4 We also suggest that the method of selecting words at random 
for a vocabulary list for the purpose of determining levels of intelli- 
gence will not be so valuable as a method which would include the 
study of each word m relation to its history and popular conception 
in the several geographical divisions and sociological groupings of the 
country Those words which reveal a more stable history and convey 
a more uniform idea throughout the several sociological strata will 
probably be more efficient w describing intelligence and have a more 
lasting value in a vocabulary test 

Mrntal Htqibnb Cumc 

Jswish Social Sbrvjcs Burbao 

Dbtroit, Michigan 
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WILLIAM — A BEHAVIOR PROBLEM 

THEODOR* S H*NR\ 

W ILLIAM camp to our nolice in th< summer of 1932 through n 
letter from the principal of one of the larger high schools in 
southwestern Michigan lhe result of this correspondence was a 
visit to us by the father, which in turn was followed by a conference 
with both parents and by a clinical examination of the subject 
Through these conferences and the correspondence with William’s 
high school principal we accumulated a rather lengthy bill of particu- 
lars, all revolving around an attitude of general irresponsibility 

William was reported to hive no sense of obligation to do the 
work asked of him by hia teachers or to pe rforrn the duties laid upon 
him by his parents He was greatly gnen to rationalization and 
was exceedingly fruitful in excuses for his failures He maintained 
an attitude of insincerity At times he was a source of trouble in 
the classroom, engaging in vexatious and mischievous pranks and 
disturbing those around him ihis had also been manifested to 
such an extent in the bunday school which he attended that the 
pastor of the church had called upon William’s parents with the 
request that they no longer allow him to attend 

Although greatly annoying, none of these things would seem to 
be of very grave consequence, but all in all, m company with Wil- 
liam’s extremely poor work in high school, they were sufficient to 
cause his father to decide that conditions must be corrected What 
was really the exciting cause for this, however, was the discovery 
that William had been engaged in the practice of stealing and selling 
golf balls, obtained by breaking into lockers belonging to different 
members of his father’s golf club, all of which the boy stoutly denied 
and continued to deny for a time, even after faced with incontro- 
vertible evidence of his guilt 

In brief summation, the case when brought to us presented the 
following elements calling for correction (1) flagrant disobedience 
of parents, (2) almost complete lack of any definite sense of re- 
sponsibility, (3) an overbearing attitude and a tendency to attract 
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attention to himself through undesirable means, (4) failure in school 
work, and (5) petty theft, involving breaking and entering 

William was born on May 29, 1917, and his chronological age 
when first we saw him was fifteen years and three months At that 
time he had nominally completed the sophomore year of high school, 
although with a very poor record, and was to be classed as a junior 
at the beginning of the next school year Physically, he presented 
the appearance of a boy normal for his age He is reported to have 
been very good-looking as a child and to have attracted the attention 
and interest of all those with whom he came in contact His present 
appearance is pleasing, and his manners are good The father reports 
that as a child William was tongue-tied, and he still shows a slight 
tendency to lisp hxcept for a marked case of hay fever, his present 
health is very satisfactory 

Up to the time when he came to us William had always attended 
the same school system He entered kindergarten when he was four 
and one-half years old, was allowed to skip grade IB, and never 
failed of promotion in the grades His attendance has always been 
regular, and he has rarely expressed dislike for any of his teachers 
Reports from former teachers show that he has always made high 
scores on intelligence tests, and that when he became interested, he 
did work of a high level of excellence 

So far as home conditions are concerned all the facts which we 
have been able to gather point to a family of culture Wdham's 
parents are both graduates from one of the larger universities of 
the “Big Ten ” At the time of their first contact with the father 
was 38 years old, the mother was two years older. The father is 
a traveling salesman, who spends much of his time on the road, 
although not so much as formerly He is very exacting and has 
expected much of William William has a tendency to “work” 
his mother, who is much less firm than the father and, in the latter’s 
absence, is likely to be indulgent Both parents are fond of society 
and have had rather keen social desires William has a sister six 
years younger than he There are no other members of the family 

In our regular routine of tests of intelligence and personality 
traits the Stanford Binefc gave an I Q of 112, with no “scattering ” 
In the Pintner-Patterson Short Performance Scale his mean score 
iyas at the eightieth percentile for his chronological age Responses 
to the Kent-Rosanoff Free Association Test showed a rather high 
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individualistic tendency, but not abnormally so An application of 
the Bemrouter Personality In\entory yielded results leading us to 
infer very good emotional balance, a high measure of self-sufficiency, 
marked extra version, and a very strong tendency to dominate other 
individuals in face-to-face situations 

In our attempt to set up a background from which William's 
undesirable traits might possibly ha\e emerged wo have been led 
to the consideration of several environmental circumstances which 
might have had some undesirable influence When William was 
about four years of age ht one day built up a pile of Ijoxes and loose 
pieces of boards in the back yard and then went away, leaving it 
standing Later, while no one was watching, a younger sister 
managed in some way to pull this pile down upon herself, receiving 
injuries which caused her death For a long time after this William’s 
parents upbraided him for his carelessness and its tragic outcome, and 
it was often held up to him as a lesson against his careless ways It 
is needless to say that such a set of circumstances might have a most 
unfortunate effect upon the developing mental life of a young child, 
and on through the years of boyhood 

His mother’s indulgence as compared with his father's sterner 
attitude might also be mentioned While the father was away from 
home the boy was under the gentler discipline of his mother When 
he returned, sterner measures were in order, but not consistently so 
Sometimes the father apparently would feel that he had been a little 
too severe with the boy and w’ould show him considerable leniency 
To counteract this, very probably when the next need for discipline 
arose, remembering his previous leniency, he would go somewhat be- 
yond the bounds of reasonable seventy 

Early in his school career, because of his attractive appearance 
and pleasing ways, William was given much favorable attention by 
hifl teachers, and this may hav e built up in him a somewhat excessive 
desire to attract attention, while giving him an excellent opportunity 
to practice that characteristic There are facts also which readily 
point us to the supposition that the boy, early in life, was able to 
get about what he wanted from his teachers and parents, and indeed 
has had little opportunity to develop a sense of responsibility and 
even little need for doing so 

Another circumstance which seemed to us to be of some possible 
importance is that his younger sister is an out-and-out conformist, 
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always receiving good marks m school and never giving her teachers 
or parents trouble of any sort During his later years she has all 
too often been held up to him as a model, and he has had to listen 
to far too many pointed comparisons between her excellence and his 
general worthlessness 

Although our study of this case revealed many such interesting 
and suggestiv e facts, it must be admitted that our findings, including 
the results of the intelligence and personality tests, were far from 
being adequate for the formation of a satisfactory diagnosis They 
did lead us, howe\er, to certain tentative conclusions, which, con- 
jectural as they were, made up what might be called our preliminary 
diagnosis, which we state as follows 

1 lAck of obedicneo may be due to acquired habit# of response and a desire 
to attract attention by being contrary 

2 I a( k of responsibility may be due to hi# feeling that he can Htill accomplmh 
his purpose with the least possible expenditure of effort 

3 His stealing may be due to (a) financial stress and strain of adolescent 
boy with interest in a girl, (6) his previously mentioned lack of responsibility, 
and (c) the adventure of the undertaking 

Remedial indications w r ere no more definite or adequate than 
our diagnosis had been However, because of the nature of the 
situation, it seemed to us that a change of environment was at least 
worth trying Accordingly, at the opening of the school year m 
September, 1932, we succeeded m getting him enrolled in the high 
school conducted by Western State Teachers College, thus securing 
the further advantage of having him under our continued observa- 
tion In addition, a most excellent boarding home was found for 
him in a family m which there were no children or any other boarders 
or roomers Here he was treated practically as a member of the 
family in a well-kept and cultured home, in the best of social sur- 
roundings His problems were explained to the people with whom 
he was to stay, and they showed a most kindly and intelligent interest 
in him and gave us most efficient codperation They did not allow 
him to take any undesirable advantages, and he was given to under- 
stand that he would be expected to discharge his personal responsi- 
bilities in a satisfactory manner Because of the poor record which 
William brought from his former school special permission had to be 
obtained for his admission to our high school This, in turn, re- 
quired that we in a general way acquaint the high school principal 
with the salient features of the case 
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William soon made a \cry good adjustment to all phases of his 
new environment Hi took interest m the (lass work and the social 
life of his new school, and got on very well in the home m which 
he lived He created no disturbance in the school at all, was well 
spoken of by his teachers, carried a full scholastic load, and did 
better than average work in the subjects which he carried At 
mid-term he had a mark of “( + ” in each of his studies, and while, 
of course, this was not a high scholastic record, it was much better 
than he had achieved in his home high school the previous year 

William’s improvement continued until near the close of the 
twelve-week school term, when t serus of entirely unlooked-for 
events occurred In spite of careful investigation we had found no 
indications of accentuation of sex However, toward the close of 
the school term it was discovered that letters of a highly porno- 
graphic nature were passing between William and Bonn of his boy 
friends in his home town To this we did not attach any gieat 
importance, thinking it peril ips only a passing phase, not at all 
exceptional among boys of that age, and perhaps chiefly a boyish 
way of attempting to show off Incidentally, from these letters we 
also received information to the effect that William, with a gang to 
which he had belonged, had during the previous summer practiced 
shoplifting activities in a number of stores in a larger city near by 
Shortly after the discovery of the letters the man of the house where 
William was staying, having noticed that he left at a rather late 
hour almost ever} evening on a mysterious errand, one evening 
followed him at a distance and discovered that he was engaged in 
going through the lawns of the neighborhood from house to house 
and peeping in at the windows 

The next outbreak of uctiv lty of this nature occurred only a short 
timo later, when Wilham, in company with another high school boy, 
was found in the basement of the women’s gymnasium, apparently 
seeking opportunity to gain a view of the shower room through a 
peep hole of some sort His excuse on this occasion was that he was 
looking for an ax, but when pressed as to his need for an ax, or his 
reason for thinking that an ax might be found in that part of the 
building, he remained sihnt, or gave only confused replies As a 
result of this the father of the other boy made a vigorous protest 
against William’s continued presence in the school He was allowed 
to stay until the end of the term, finishing his work with a better 
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than “C” average, but was denied admission thereafter Whatever 
may have been the advisability of this action, it was taken without 
our having any part in it, and thus direct contact with the case was 
lost It might be worth mentioning that, during the time we were 
concerned over this escapade, William was examined by a psychia- 
trist working under the Couzen’s Foundation in another city and 
was reported to present no problems worth mentioning 

Since his return to his home William has been subjected to a 
rather strict regimen instituted and earned out by his father, from 
whom we have recerved for our files two lengthy reports setting forth 
his methods and his estimates of results obtained Because these re- 
ports present so clear a picture of the later stages of this history, 
I shall quote freely from them 

The first of the reports was written after the close of the school 
year, in June, 1933 After leaving our high school, just before 
Chnstmas, William had waited at home until the opening of the 
second semester of his homo high school This letter from his father 
covers that part of the school year 

Until we arrived home nothing was said about our knowing of his unsatis- 
factory conduct at your school or of the "gang” activities here with which he 
had been, and even then indirectly v> as, associated The letters that had 

come into our hands were then handed to Bill one by one This was fol- 
lowed by our telling him that we knew of all the things that had been going on 
at Kalamasoo and that because of them the authorities there would not permit 
him to re-enter that school I told him that under no condition was he to associ- 
ate with members of the clique that had been disclosed by their corre- 
spondence The result of this disclosure and [these] instructions was that 

this "gang" seems to have completely broken 

You will recall that from the confiscated correspondence we learned of some 
light-fingered work that had been done In by this group of boys The 

Saturday afternoon before Chnstmas he and I drew all of his savings from the 
local bank and drove to There we went to store after store, told the 

manager just what had taken place some months before, and Bill with his own 
money paid for every article that he could remember had been taken This was 
done regardless of whether or not he actually did the taking, for as he explained, 
he was equally guilty even though In some instances he was merely with the 
others Since this there has been no further trouble of this kind although money 
and other valuables have been freely left about the house 

When school started January 23rd, I made a requirement of Bill that if I 
were at home, he could not go to bed a single night until he passed my examina- 
tions If I were away, ail lessons missed in each subject were to be passed to 
my satisfaction that week-end in aD four subject* Starting with the very 
first school day he came home completely unprepared In aU subjects The first 
night we were up till after midnight, the second night till after two, the third 
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night until after three But each time he answered all questions to my satisfac- 
tion before he was permitted to retire Of course the thought was that he would 
soon de< ide that this was a poor way to do and that then he would take advantage 
of every minute he had in school to become thoroughly prepared so that we 
could go through each subject in fifteen or twenty minutes, giving him at least 
a part of the evening for recreation and a chance to get to bed at a reasonable 
hour Instead of his reason mg in that way though, he apparently was of the 
opinion that I would weaken and that in a short tune he would again have an 
opportunity to slide along and follow the line of least resistance Thus the 
enforcement of my requirement very soon became an endurance contest Through 
the latter part of January, all of February and March, and for about the first 
half of April there was no effort on his jiart to do any real studying in school 
nor to snap into his work when he came home During that period of nearly 
three months, there probably were not more than one or two nights when he 
completed his work so as to be in bed before one o’clock There were many nights 
when we were up until three and four o’clock, some five o’clock, and one night 
when he was w bed only about an hour 

Enough of this letter has been quoted, I think, to indicate clearly 
the nature of the discipline to which William was subjected dunng 
the semester m question In a word, he was held ngidly to a satis- 
factory performance of his school actiuties, including class reci- 
tations, notebook work, reports, papers, outside readings, and 
supplementary work of every sort The same procedure was ear- 
ned out m all cases of infraction of school citizenship, of which 
only two or three occurred Here he was compelled to assume 
complete responsibility and to make whatever restitution was asked 
of him Pnvileges were allowed him only upon condition of satis- 
factory work During the first few weeks of the semester his school 
marks were not at all satisfactory, but showed such improvement 
later that at the end of the semester he received a mark of “B” in 
each of his academic subjects — English, tngonometry, government, 
and commercial law - and lost the distinction of being on the honor 
roll only because of a “C” in physical education He received a 
class citizenship mark in each class of “ 2,” and his advisory citizen- 
ship mark was “1,” indicating the highest degree of excellence 

Later developments are shown by the following quotations from 
a second report made to us at the close of the first semester of the 
present school year 

You will find attached Bill’s weekly school record for the first semester of 
this year There is also enclosed a clipping taken from the local paper showing 
that his work for the first haU-year placed him on the 4 A~B’ honor roll Bill 
has secured these results with comparatively little attention on my part His 
mother has followed his work in French somewhat closely but not in a manner 
that would be in any way comparable with our experience of one year ago 
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During this semester, according to the father’s report, there was 
very little misconduct at school of any major importance, and Wil- 
liam’s conduct outside of school was entirely satisfactory There 
was, however, still some trouble in getting him to follow instructions 
readily His final marks for the semester’s work were algebra, 
“A”, English, “B", chemistry, "B - ", French, “B - ", hygiene, 
“B", with a general citizenship mark slightly better than “2 " 

By way of summary, we might ask of ourselves two questions 
(1) What improvement has been made? (2) To what is the im- 
provement due? 

In answer to the first of these we may say that improvement is 
indicated in the following ways 

1 1 here has been no further instance of theft 

2 There hat* been no rejietition of any undesirable symptoms in the field 
of sex 

3 1 here has been a most desirable change in the nature of his associates 

4 There has been a marked change for the better in his conduct at school 
and at home 

5 There ban been a great improvement m his scholastic record a* revealed 
by school marks 

To answer the question why these changes have taken place is 
a more difficult task Some might say at once that they are most 
probably due only to the maturation factor, operating especially in 
the emotional field in such a way as to overcome the disturbances of 
a passing phase At best, our answers cannot escape being highly 
conjectural However, let us list our calculations 

1 We cannot attribute these changes to Hny set remedial formula, for we 
have not been able to discover one which might apply 

2 Neither have we made any attempt to use the methods of psychoanalysis 

3 In spite of its rather spectacular termination, we still think that our 
short-lived experiment in environmental change was not a complete failure 

4 The breaking up of the gang to which William formerly belonged and the 
substitution of more desirable associates seem to have been wise measures 

5 William’s parents appear to be taking a greater and a more intelligent 
interest in him than ever before 

6 If lequired to be categorical, we might say that the chief factor has been 
the rigid discipline imposed upon him by his father This really has amounted 
to a process of conditioning or of reeducation, by means of *hlch it would appear 
that habits and attitudes of irresponsibility are gradually giving way to more 
desirable patterns 

West urn Statu Teachers College 

Kalamazoo, Michigan 



A CASE OF SPONTANEOUS DIABETES 
IN THE DOG 

FPHIIAIM B B01DYKFFI 

P ANCRLAI IC diabetes rarely occurs in dogs In the ease ob- 
served the animal was a l>out eight months old when tht symp- 
toms were first noted, it remained under observation several months 
Later on it went through two terms of pregnancy, giving birth to 
three puppies, one of which showed skeletal deformities sugges- 
tive of hydrocephaly and another of which died shortly after 
birth 

The dog was well built and manifested no outward signs of serious 
disease Its eyesight was defic lent, however According to bvering- 
haus (5), visual errors become marked at about tht same time that 
the other evidences of diabetes appear 

The manifestations of diabetes - polyphagia, polydipsia, and 
polyuna — were pronounced The polyphagia was transitory and 
alternated with periods of loss of appetite during which large quanti- 
ties of water were imbibed Diarrhea and \ omiting were also present 
Although the diabetes was mild, a remarkable constancy was noted 
in the persistence of hyperglycemia, glucosuna (at times reaching 
10 grams of sugar excretion in 24 hours), and leukocytosis A slight 
diminution of the blood coagulability was also noticed (1) (See 
Table I ) 

The animal was operated on, and a fistula of the stomach was 
established The gastnc contents showed the presence of blood and, 
occasionally, numerous motile bacteria, on stammg, Gram-negative 
bacilli and Gram-positivo cocci wore found T his suggests deficient 
secretion of gastnc juice or hypochylia Because of digestive dis- 
orders insufficiency of pancreatic secretory function was suspected, 
and it seemed probable that some pancreatic disorder such as pan- 
creatitis was present Cecil (2) emphasises the occurrence of 
chronic pancreatitis in diabetes melhtus Joslin (3) also considers 
pancreatitis a possible factor in the etiology of diabetes 

667 
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TABLE I 

Hyperglycemia, Glucosuria and I eukocytobis in Spontaneous 
Diabetes in the Dog 

A female dog (about eight months old on November 17, 1925) 


Date 

Body weight 

Grams 

Glycemla 

Percentage 

Glueosurta 

Percentage 

I eukocy 

toSIH 

Per c min 

Blood coagu- 
lability 

Time in 
seconds 

11/17/2# 

10500 

0 400 

0 630 

14000 

50 

11/28/2# 


0 240 


14400 

70 

12/ 2/2# 

11000 


0440 



1/11/26 

12420 

0130 


15400 

120 


The increase of weight is due to growth, and the decrease of blood 
sugar may be attributed to treatment Frequent determinations of 
the number of leukocytes were made, and on only ono occasion was 
a normal figure obtained (8,000) , in the majority of tests a certain 
degree of leukocytosis was present All determinations were made in 
the fasting condition, about twenty hours after the last feeding 
An accidental exposure to cold resultod in pneumonia, which 
proved fatal It is well known that diabetics are very susceptible to 
infection (4) Post-mortem examination showed congestion of the 
lungs, and also revealed the presence of pancreatitis This finding 
was confirmed by microscopic examination The gland showed pro- 
nounced congestion, atrophy of parenchyma, necrotic areas, hyaline 
degeneration of the acim, and stasis of pancreatic ducts No patho- 
logical changes were detected in the islands of Langerhans The 
photomicrograph demonstrates some of the pathological changes 
(PI XCVI) The pathological findings already mentioned were cor- 
roborated by the late Dr A 8 Warthin, of the University of Mich- 
igan (Report 4167- LAI) 

Pavlov Physiological 
Battle Creek Sanitarium 
Battle Creek, Michigan 
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THEORETICAL CONSIDERATIONS CONCERN- 
ING THE ACIDITY OF CERTAIN AREAS OF 
THE BRAIN DURING THE ADMINISTRATION 
OF LOW OXYGEN* 

HUGO KRUEGER 
] INTRODUCTION 

I N A previous paper from this laboratory (Oesell and others, 1932) 
data were presented which could be interpreted as indicating thut 
the tissues in general may turn alkaline during the administration 
of low oxygen of suitable concent rat ion It was pointed out, how- 
ever, that the interpretation that all cells of the body turned alkaline 
was somewhat questionable 

Since no direct evidence concerning the acidity of the brain was 
obtained in those experiments, it is the purpose of this paper to 
present indirect evidence that certain areas of the brain may have 
turned acid The underlying principle is that lactic acid will form 
in those regions of the brain not receiving oxygen and will diffuse 
toward the capillaries Since not all the necessary data are available 
and since many of the av ailablc data are not sufficiently quantitative, 
only a rough approximation can be made Further, the usable data 
must be taken from experiments on many different animals Sig- 
nificant errors may arise on this account The fact that neurones 
are not exact geometrical figures offers another difficulty However, 
first approximations may indicate the state of affairs or suggest pos- 
sibilities which can be tested experimentally 

2 DATA 

In this attempt to supply indirect evidence concerning the acidity 
of certain regions of the brain the following data will be assumed to 
be essentially correct 

* Paper from the Department of Physiology, University of Michigan, Ann 
Arbor, Michigan 
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1 The average diffusion constants of oxygen and lactic acid are 
assumed as approximately the same for brain and for muscle The 
diffusion constant for oxygen is 1 64 X 10 6 c c per sq cm per 
minute under a diffusion gradient of one atmosphere per cm (Rrogh, 
1918) From the data of Eggleton, Eggleton, and Hill (1928) the 
average diffusion constant for lactic acid is 28 X 10~ 5 grams per 
sq cm per minute under a diffusion gradient of one gram per 
cm 

2 The brain is nchly supplied with capillaries Under the opti- 
mum condition it may be considered that each capillary forms the 
center of a cylinder which it supplies wuth oxygen Craigie (1926) 
gives the total length of the capillaries in a cube, 100 m on edge, of 
fresh bram from the male albino rat Taking the length of the 
capillaries as the length of the cylinder, the radius of the cylinder 
containing the necessary volume may easily be computed (See 
Table I, columns 1 and 2 ) 

TABLE I 

Capillary Supply and Thboreticai Oxygen Requirements op 
Some Regions op the Brain 



Total length 
of capillaries 
in 0 001 o mm 

Average 
radius of 
tissue 

supplied by 
capillary 

Minimum 
oxygen 
pressure 
for adequate 
oxygen supply 

Nucl dors mot X 

617 m 

24 8 m 

60 mm Hg 

Nucl fascio So lit 

630 m 

22 6m 1 

39 mm Hg 

Form re tic later 

64 6 m 

222m I 

37 mm Hg 

form retie med 

674 m 

2t 7 M ! 

36 mm Hg 


3 During the administration of 7 24, 6 09, and 5 69 per cent of 
oxygen the partial pressure of oxygen in the expired air dropped to 
36, 30, and 28 mm Hg (Gesell and others, 1932) In the alveolar 
air the pressures were probably around 30, 25, and 23 mm Certainly 
the average oxygen pressures in the brain capillaries were not above 
these values In these experiments during the administration of low 
oxygen blood lactic acid increased 0 15, 0 38, and 0 60 mg per c c , 
respectively The excess carbon dioxide lost by overventilation above 
that accounted for by oxidations amounted to 7 93, II 93, and 12 25 
volumes per cent when calculated on the basis of the whole animal 
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4 The oxygon consumption of intact whole brain (dog) is re- 
ported as 0 1 c c per gram per minute Tins figure may be un- 
satisfactory, but according to Winlerstein (1929) it represents the 
best efforts to date Brain is approximately 45 per cent gray matter 
and 55 per cent white matter (Mathews, 1930) The metabolism 
of the white matter is probably similar to that of peripheral norve 
Regarding this as 0 005 c c per gram per minute, the metabolism 
of the gray matter becomes 0 216 c c per gram per inmute 

5 Since the transformation* (Meyerhof, 1925) carbohydrate — > 
lactic acid sodium lactate involve ibout 300 calories per gram of 
lactic acid and since one liter of oxygen supplies 4800 calories at an 
R Q of 0 81, an oxygen debt of 1 c c should be accompanied by 
the production of 16 mg of lactic acid (It is conceivable that 
other anaerobic processes may occur and lower this figure consider- 
ably ) Sixteen mg of lactic acid is the chemical equivalent of 4 c c 
of carbon dioxide Thus, m the absence of oxygen, acid is produced 
at a rate four tunes that during oxidative metabolism 

It is assumed that the energy obtained by the bram from 1 c c 
of oxygen may be replaced by the production of 16 mg of lactic acid 
The validity of this assumption may be seen by comparing the rates 
of oxidation for excised bram as found by Warburg and Lobel (see 
Winterstein, 1929) with the rate of formation of lactic acid in the 
excised brain obtained by McGmty and Gesell (1925) and Haldi 
(1932) According to Warburg the rate of oxygen consumption for 
excised brain was 0 03 c c per grain per minute, and according to 
Lobel, 0 02 c c per gram per minute The average of the curves of 
McGmty and Gesell and of Haldi indicates that in the excised brain 
during the first 30 seconds the rate of lactic acid formation is 0 40 mg 
per gram per minute Dividing by 16 (16 mg of lactic acid « lc c 
of oxygen) we find that this corresponds to oxidations at the rate 
of 0 025 c c per gram per minute 

Similarly, Haldi (1932) has found that directly after excision lactic 
acid forms in muscle at a rate of 0 06 mg per gram per minute 
Dividing this by the usually accepted figure of 0 005 c c per gram 
per minuto for the oxygen consumption (Verzta*, 1912) we obtain a 
relationship of 12 mg of lactic acid to 1 c c of oxygen Considering 
the variable sources of the data, the agreement with the theoretically 
expected ratio of 16 to 1 m satisfactory (If 385 calories instead of 
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300 calones la considered the thermal equivalent of 1 gram of lactic 
acid, the theoretical ratio would be 12 5 to 1 ) 


3 THE OXYGEN PRE88URF REQUIREMENT OF THE BRAIN 

If one knows the rate of oxygen consumption and the length of 
capillaries in a given region of tissue, one can calculate the minimum 
pressure of oxygen in the capillaries necessary to supply the region 
with oxygen The necessary equations for this computation have 
been developed and presented previously (Hill, 1928, Krueger, 1932) 
The equation for determining the minimum pressure of oxygen neces- 
sary to supply a given region of tissue is 


( 1 ) 




o 




0 , 


where y 9 is the oxjgen pressure m the capillaries, a is the oxygen 
consumption, K the diffusion constant of oxygen, r c the radius of 
the capilluiy, and r, th< radius of the cross-section of tissue supplied 
by the capillary (This equation w number 18 in the previous paper 
by the author ) 

With this equation the minimum pressure of oxygen necessary 
to supply the hypothetical brain cylinders of Table I was computed, 
a capdlary diameter of 6 /u (r 0 ** 3 p) was assumed Ihe values ob- 
tained are given in Table I, column 3 

If similar capillary and metabolic relationships hold for the rat 
and the dog, these figures are very interesting, since a similar figure 
is obtained by an entirely independent method For simplicity the 
blood is assumed as loaded with oxygen under a partial pressure of 
carbon dioxide of 40 mm Hg and unloaded at a partial pressure of 60 
mm The venous oxygen pressure corresponding to a given arterial 
oxygen pressure is then read from curves modified from those of Bohr 
(1904) relating Hb saturation to oxygen and carbon dioxide pressures 
The mean oxygen pressure surrounding the brain cells must almost be 
that of the venous blood leav mg the brain Winterstein (1929) states 
that the oxygen consumption of the brain is 0 1 c c per gram per 
minute and the volume flow of blood 1 4 c c per gram per minute 
Consequently, blood on passing through the brain loses 7 09 volumes 
per cent of oxygen According to Bohr’s (1904) curves dog's blood 
that has lost 7 09 volumes per cent of oxygen from 20 volumes per 
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cent at complete saturation has an oxygen pressure of 42 mm This 
agrees well with the postulated figures of 35 50 mm calculated for 
the cylinders 

Since these figures represent an ideal distribution of capillaries, 
the actual pleasure would perhaps he somewhat lower Ihus the 
cells of this area of the brain, and perhaps of most other areas as 
well, may be laboring neir the lower border of stability, where slight 
changes in the oxygen pitssure of the milieu will introduce a changf 
in the type of metabolism 1 he higher pressures might even suggest 
that Some areas of the bram continually use an acid rat tabohsm to 
supply some portion of thur energy 

4 Tin- FRACTION OF BR\IN TIH8UF BUFFI H1NC FROM OWGEN 
WANT DURING Till ADM1NIB I HA1 ION OF I OW OWtJEN 

Considering 50 trim the minimum oxygen pressure for unim- 
paired oxidative metabolism foi a cylinder of brim tissue of 24 H \i 



Fin 30 Cross-section of 
region drained by a capil 
lary The solid area is a 
c apillary of radius r 1 he 
radius of the region drained 
by the capillary and ordi 
nanly supplied with oxy- 
gen by tho capillary is r 0 
Tho radius of the zegion 
supplied when the oxygen 
pressure is reduced is ri 
I actic add will form and 
accumulate in the region 
between r 0 and r x (stip- 
pled), and wdl diffuse to- 
ward the capillary 


radius supplied by a 6 y capillary from the center, the computed 
radn of the fractions of the tissue receiving oxygen, when the oxygen 
pressures are only 30, 25, and 23 mm Hg, are 20 5 fi t 19 1 j u, and 
18 6 Mi respectively The fractions of the total volume not receiving 
oxygen are 0 31, 0 41, and 0 44, respectively (see Fig 30) 
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5 THE THEORETICAL CONCENTRATION OF LACTIC ACID IN CERTAIN 
AREAS OF THE BRAIN WHFN RECEIVING INSUFFICIENT OXYGEN 

If a deficit in oxidations of 1 c c is accompanied by the forma- 
tion of 16 mg of lactic acid, lactic acid will form and accumulate m 
the area from r - 24 8 n to r * 20 5 \x during the administration of 
7 24 per cent oxygen It w ill diffuse from this region across the areas 
from r s *205/jtor*3ju into the capillaries The concentration 
of lactic acid will progressively increase from r«3jztor« 24 8ju 
When a steady state is reached the amount of lactic acid diffusing 
into the capillaries jier unit length will be x X 0 00248 X 0 00248 X 
16 X 0 216 X 0 31 mg per minute when the oxygen pressure is 
30 mm Hg 

The quantity diffusing into the capillaries per unit length in unit 
time may also be expressed by 


( 2 ) 


f _ 2 Tfc(tt>. ~ «’») , 

log/, - log / 1 


where T is the amount of lactic acid diffusing into the capillaries 
per minute per unit length, iCj is the concentration at the internal 
radius r v and w t is the concentration at the external radius r a (see 
equation 22, Krueger, 1932) 

For the specific instance under consideration k is the diffusion 
constant of lactic acid, whereas - u\ gives the concentration 
difference of lactic acid that must be maintained between r s and r x 
m order to insure the desired rate of diffusion The values of r, and 
r t are 20 5 u and 3 / u, respectively Since the total quantity diffusing 
in unit tunc through a unit length is given in the preceding paragraph, 
all the necessary data are available to calculate the concentration 
difference, w t - w x The result obtained is 0 23 mg per gram 
Hence during the administration of 7 24 per cent oxygen the theo- 
retical concentration of lactic acid at r » 20 5 jx was 0 23 mg above 
that in the blood stream, and since blood lactic acid increased 0 15 
mg per c c the concentration at r * 20 5 p increased to a value 
0 38 mg per gram higher than that obtaining before the adminis- 
tration of low oxygen The increase in lactic acid in the region 
from r « 20 5 gt to r « 24 8 n would be slightly greater than 0 38 mg 

Further, owing to the hyperventilation induced by the low oxygen, 
7 93 volumes per cent of nonoxidatlve carbon dioxide (equivalent 
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to 32 mg of lactic acid) were eliminated Since the removal of n 
moles of carbon dioxide from a buffer system at a pH of 7 5 or less 
and the simultaneous addition of n + h (where n and h are any 
positive numbers) moles of lactic acid result m an increased con- 
centration of hydrogen ions, the calculations indicate that the region 
from r * 20 4 y to r = 24 8 /x turned acid during the administra- 
tion of 7 24 per cent oxygen 

Similar calculations may be made for the experiments during 
which 6 09 and 5 69 per cent oxygen were administered The values 
of T are t X 0 00248 X 0 00248 X 16 X 0 216 X 0 41 or 0 44 The 
value r 4 is 3 ju m both cases, while r, has the values 19 1 y and 18 6 y. 
The concentration differences are found t< be 0 29 and 0 31 mg per 
gram The increases in blood lactic acid w ere 0 38 and 0 60 mg per 
gram Hence the theoretical increase in lactic acid was 0 07 and 
0 91 mg per gram for some regions of the brain Ihe nonoxidative 
carbon dioxide lost was 11 93 and 12 25 volumes per cent (equivalent 
to 45 and 49 mg of lactic acid) 

Thus during the administration of 7 24, 6 09, and 5 69 per cent 
oxygen 31, 41, and 44 per cent, respectively, and perhaps more, of 
some regions of the brain become acid A more exact evaluation 
of the oxygen pressure in the brain and a consideration of the super- 
basal metabolism of the respiratory neurones doing increased work 
would make the add effect in the region under consideration still 
greater In other regions with a larger capillary supply the acid 
effect would be much less In regions where the capillary supply is 
sufficient to provide oxygen to all areas an alkaline effect may even 
develop Under these conditions lactic acid might leave the blood 
and enter the brain, as was indicated by the expenmen ts of McGinty 
(1929), in which only slight impairment of bram metabolism was 
induced 

Similar calculations for muscle from the data given by Martin, 
Woolley, and Miller (1932) indicate that the oxygen pressure is 
positive throughout the muscle even dunng the breathing of 5 69 
per cent oxygen Since lactic acid forme m muscle and passes into 
the blood stream under some resting conditions, it is suggested either 
that a high positive pressure of oxygen is necessary to prevent lactic 
acid accumulation tn muscle or that the limiting factors in deter- 
mining whether oxidations are sufficient to balance the anaerobic 
metabolism are enzymatic Calculations based on direct observation 
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of the lactic acid increase and cartxm dioxide loss indicate that the 
muscle sometimes turned alkalim and sometimes acid during the 
administration of low oxygen (liexell and others, 1932) 

6 brain audit* nniuNc now ox* gen as related 

TO 81 ZE OF CELLS 

Since computations involving the brain tissue cylinders indicated 
that some regions of the brain became acid during the administra- 
tion of low ox> gen, an attempt was made to determine the hypo- 
thetical conditions within spherical neurones regarded as metabolic 
units with a constant pressure of oxygen presented at the surface 
Ihis case is not so easily handled as the last because it involves an 
estimation of the actual rate of oxygen consumption within the 
murone No direct determinations are av ailable Indirect estima- 
tions are diffiuilt because of the lack of anatomical data Also the 
relative rates of metabolism of structures found in the gray matter 
are not known Presumably the dendntes may hav e as high a rate 
of metabolism as the cell bodies of the neurones or even a higher 
one The neuroglia may hav e a metabolism similar to that of con- 
nects e tissue If the neuroglia has a secretory function, its meta- 
bolic rate will be much higher 

Similar directional conclusions will be reached whether one 
considers that the metabolism is primarily a function of the cell 
bodies or that the other structures in the gray matter also have a 
significant metabolism In the first case there would be an oxygen 
pressure at the surface of the neurones approximately equivalent to 
the venous oxygen pressure In the second case the oxygen pressure 
at the surface of the cells would be much lower, since a significant 
gradient would develop, owing to the oxygen consumption of the 
other structures 1 his second case reduces in the ideal state to that 
of the cylinder previously discussed If we consider, however, that 
the oxygen consumpt ion is primarily a function of the cell body, the 
treatment as spherical cells would be more exact 

If oxygen does not penetrate the entire cell, 


6 K' 


3 K\r 


where y is the pressure of oxygen at any distance from the center of 
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the ccj}, r o is the radius of (he cell, and r x the radius at which inward 
diffusion of oxygen c t uses 

The concentration of lactic acid x\ ill be given by 


(4) 

1*1 

6 

~ G k 

(5) 

w 

IT) — W a 
"" r . ~ r i 

(6) 

div 

dr 

W n ~ tl \ 

r — r 


0 3 - r x l ) from r « 0 to r ^ r„ 

r x r u — iv 

- 4- w. — 2 r from r 

r 1 i — r 

o' 1 

r.r 

at t a* r. y md 
r 




to r = T", 


w — 1 C 

(7) R = 4?rfc - 1 - — ° r x r 
r o~h 

where w t w» b and w p are the com nitrations of lactic and at r t t v and 
r fl , respectively and where b is the rate of formation of lactic acid, 
k the diffusion constant of lactic acid, and R the quantity of lactic 
acid formed by the coll per minute The average concentration 
throughout the cell will be giun by 


During the administration of 7 24 per cent oxygen 8 volumes 
per cent of carbon dioxide have been drained off the tissues If 
the acidity is to remain constant, 32 mg of lactic acid per 100 grams 
must accumulate Since blood lactic acid increased 15 mg per 
100 c c , an accumulation of only 17 mg above the concentration 
in the blood stream would indicate a reaction m the tissue more acid 
than the basal reaction 

Assuming that the cell volume is one sixth of the total volume of 
the gray mattei (in many places the cell volume is less than one 
sixth) the minimum diameter of a cell has been computed such that 
the average increase in lactic acid thoughout the cell is 0 32 mg per 
gram above the basal level The diameter of the cell was calculated 
to be 59 m 

7 DISCUSSION 

The application of these deductions to the control of ventilation 
is complicated by the fact that the chemical control of ventilation 
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cannot be limited to the central nervous system alone, since Heymans 
(1931) has demonstrated that the respiration may be modified by 
chemical stimulation of the carotid sinus and afferent vagus endings 
But granting stimulation and inhibition of pulmonary ventilation 
from arterial injection of acid and base distal to the carotid gland 
(Heymans, 1931, Owen and GeRtll, 1931) and stimulation as well 
as depression from similar injections of sodium cyanide and sodium 
sulphide (Winder, Owen, and Gesell, 1932), it is tentatively con- 
cluded that the acid metabolism of the brain during oxygen want 
may be a significant factor in determining the degree of pulmonary 
ventilation The conclusions of Schmidt (1932) that “ the respiratory 
center is directly affected by alteration in blood supply m the manner 
stipulated by the hypothesis of Gesell" and that “the sensitivity 
of the cells of the center to changes in C O s tension or pH of arterial 
blood is vastly greater than that of the sinus reflex mechanism to any 
chemical changes m the blood" support this view A final esti- 
mation, however, must await accumulation of more accurate data 
regarding oxygen consumption, oxygen pressure, diffusion rates, ana- 
tomical relationships, and the relative importance of penphoral and 
central chemical control of ventilation 

The computations indicate that concentrations of materials under- 
going metabolic transformations vary from point to point in the 
tissues Hence in trying to deduce the fundamental laws controlling 
distribution of materials between the blood and tissues the concept 
of the steady state rather than of a dynamic equilibrium must be 
borne in mind A pnon one would expect the tissues to show a higher 
or lower concentration than the arterial blood, as the venous con- 
centration Is higher or lower than the arterial concentration The 
concentration differences between the tissues and the blood may be 
expected to be high or low, depending directly upon the rate of 
metabolism and inversely upon the diffusion constant of the material 
under consideration 

For the specific case of carbon dioxide pressure differences of 
approximately one millimeter of Hg above the venous pressure are 
theoretically sufficient to insure complete diffusion 

8 SUMMARY 

During the administration of low oxygen sufficient carbon di- 
oxide is removed from the body to indicate that the tissues in general 
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may turn alkaline A consideration of some of tho principal factors 
tnvulved suggests, however, that Ctrl am areas of the brain may be- 
come acid 

An analysis of the evidence from various authors indicates that 
the energy liberated by the formation of lactic acid undor anaerobic 
conditions in muscle and brain immediately after excision is the 
thermal equivalent of the energy derived from oxidations m excised 
strips For this reason it is assumed that the development of an 
oxygen debt of one c c in must le or brain is accompanied by the 
formation of 16 mg of lactic acid 

A consideration of the rate of diffusion of oxygen, tho rale of 
consumption of oxygen, and the capillary supply of the dorsal \agal 
nucleus, as established by Craigie, indicates that during ihe adminis- 
tration of 7 24 per cent oxygen approximately 30 per cent of the 
tissue of this nucleus will not receive oxygen Lactic acid vail form 
and accumulate m the portions of the brain not receiving oxygen 
A further increase in the general level of brain lactic acid should 
develop from the increased concentration of lactic acid found in the 
blood The calculated net increase in lactic acid in the fraction of 
the dorsal vagal nucleus unsupphed with oxygen will more than 
balance the loss in carbon dioxide due to the increased ventilation, 
and the end result will be an increase in the acidity of this fraction 
Considered from the standpoint of individual cells, those whose 
diameter is approximately 60 ju or greater will become acid 

Hence the calculations indicate that certain areas or cells of the 
bram assumed to contribute to the control of respiration become acid 
during the administration of low oxygen It is concluded that the 
altered acid metabolism of nerve cells may lie a significant factor in 
the regulation of r< spiration The significance of these conclusions 
u considered in regard to the regulation of ventilation 

It is pointed out that in many distribution studies a steady state 
rather than equilibrium conditions maintains 

This application of the diffusion equations to experimental data 
presented by Gesell, Krueger, Nicholson, Brassfield, and Pelecovich 
is tentative and is given primarily to indicate a possible indirect 
method of attack of certain physiological problems 

The author wishes to thank Dr R Gesell of the Department of 
Physiology and Dr V C Poor of the Department of Mathematic* 
for their friendly advice 
Univbhsity or Michigan 
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FURTHER ADDITIONS TO THE LIST OF 
ARANEAE FROM MICHIGAN 

AHrurR m ( ijickmuvu 

I N AN effort to obtain as marlv complete information ns possible 
concerning the spuin' fuum of Hu st ite of Michigan 1 ha\e heen 
collecting these animals during tilt pisl six \uirs Up to the piesent 
tunc about two bundled and sixteen species have ban listed (( flick- 
ering, 1932, 19HH, 1934) I his paper gues sixty-thrte additional 
species, thus bringing to about two hundred and eight} the total 
number record cd for the state as a result of mv studies A few 
specimens appt tr to rtpiiscnt new species, and tin sc hue been laid 
aside for careful study and detailed description 

In connection with my riant work 1 an glad to acknowledge tlu 
cooperation and generosit} of the following araneologists Mr W J 
Gcrtsoh, of the American Museum of Naturd History, who has 
examined md pland all my Thoimsidu collected during the past 
year, Professor R V ( hamherhn, of the University of Utah, who 
has studied my whole collection of Ivcosidae nude prior to 19 13, 
Mr Wilton Ivie, who lias aided Professor Chnmbeilm m the identi- 
fication of my Lycosulac and who has also identified miscellaneous 
specimens belonging to other families, and Mr Nathan Banks, of the 
Museum of Comparative /oolug\, Harvaid University, who has 
helped mo with numerous idoilifieitions and who has most gener- 
ously presented me with many valuable rc prints 

It has been customary to publish note s m connection with my 
list* of Michigan spidc rs In this paper, however, os in the preceding 
one, no notes iccompany the collecting records, owing to the neces- 
sity for strict economy m printing costs 

SUB-ORDER ARACHNOMORPHAE 

Amaukobtidal 

Amaurobius ferox (Walckenacr) — Albion, September, 1933, Jan- 
uary, 1934 
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Agelenidae 

Cicurina arcuata keyserling — Albion, October, 1932, January, 
1933 

Cicurina pallida Keyserling — Albion, April, 1933 
Cicurina bp (?) — Homer, Apnl, Albion, May, 1933 
Ctbaeota calcarata (Emerton) — Marquette, July, 1932 

PlSAtJRIDAE 

Dolomepes scriptub Hentz — Probably Albion, summer, 1933 ? 
Dolomepes tbnfbrosus Hentz — MosherviUe, Hillsdale Co , July, 
Wolf Lake, Jackson Co , July, 1933 
Dolomepes triton triton Waickenaer — Douglas Lake, Cheboy- 
gan Co , July, 1933 

Lycosidae 

Allopecosa koghii (Keyserling) — Douglas Lake, Cheboygan Co , 
August, 1931 

Lycosa avar a (Keyserling) — Pine Lake, Eaton Co , September, 1933 
Lyoosa punctulata Hentz —Pine Lake, Eaton Co , September, 1933 
Lycosa riparia Hentz — Ann Arbor, June, 1919, Pine Lake, Eaton 
Co , July, 1930 

Lycosa sp (?) — Probably a new species. Albion, September, 1933 
Pardosa fuscula Thorell. — Ishpeming, May, 1931 
Pardosa groenlandica (Thorell) — Albion, June, 1932 
Parpcisa mopica bkunnka Emerton. — Albion, May, 1933 
Pirata maculata Emerton — Douglas Lake, June, 1930, Albion, 
August, 1931 

Pirata sylvestris Emerton — Albion, June, 1930, August, 1931, 
Douglas Lake, July, 1930 

Schizocosa biuneata Emerton — Douglas Lake, July, 1930, Al- 
bion, May, June, 1933 

Dictynioae 

Dictyna frond ba Emerton — Marquette, July, 1932 

Theridiidab 

Crubtulina bticta (Cambndge) 

Robertus fuscub (Emerton) — Marquette, July, 1932 
Theripion globobxjm Hentz — Albion, July, 1933 
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Linypmidaf 

Bathyphantfs brevis (Emerton) * - Marquette, July, 1932 
Ceratigemts atriceps (Cambridge) — Negaunee, July, 1932 
Ceratinella brunnea Emerton — G lads tone, August, 1932 
Ceratinflla placida Banks — Marquette, July, 1932 
Oornigularia dirfota (Cambndge) — Albion, October, 1932 
Cornicularia pallida Emerton — Marquette, July, 1932 
Epkrigone maculata Banks - Big Bay, Marquettt, July, Ne- 
gaunee, August, 1932 

Hypslh8TI*s florens Cambridge - Munising, Marquette, July, 
1932 Many localities in the Southern Peninsula 
Microns, r a gornupalpis (Cambndge) - Marquette, July, 1932 
Muuoneta olivacfa Lmerton — Marquette, July, 1932 
Migroneta persoluta (Cambndge) — Sands, Marquette Co , 
July, 1932 

Microneta viaria (Blackwall) Grand Marais, Marquette, July, 
Negaunee, July, August, 1932 

Oedothohax montanus (Emerton) -- Marquette, July, Negaunee, 
August, 1932 

Tcmagyna ns bilis (Banks) — Marquette, July, 1932 

Argiopidai 

Aranbub cortjcabius (Emerton) — Moshervillo, HilUdale Co, 
October, 1933 

Cergidia prominens (West ring) Marquette, July, 1932 

Glyftocranium bisaccatum (Emerton) — Albion, July, 1933 

Mimetidae 

Ero furcata (Villers) - Marshall, October, 1932 
Mimetus interfector Hentz - Quincy, July, 1933 

Drabbidae 

Cesonia bilineata (Hentz) — Wolf Lake, Jackson Co, July, 
Albion, August, 1933 

j HOMI8IDAE 

Ebo latithorax Keyserling — Albion, May, 1933, January, 1934 
Mibumfnops OBLONGCb (Keyserling) — Albion, June, Mosherville, 
Hillsdale Co , July, 1933 
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Philodromus exjlis Banks — Charlotte, June, Wolf Lake, Jackson 
Co , July, 1933 

Philodromus infuscatus Xeyserling - Albion, August, 1933 
Philodromus lentioinosus Keyserhng — Albion, September, Octo- 
ber, 1933 

Philodromus marxi Keyserhng — Wolf Lake, Jackson Co , July, 
1933 

Philodromus emertoni Bryant — Concord, June, 1933 
Philodromus satulhs (minutus) Banks - Formerly reported 
from egg sac, adults are now in my collection Albion, May, 
1933 

Tmarus angulatus (Walokenacr) — Albion, October, 1932, Homer, 
April , Mosherville, Hillsdale Co , September, October, 1933 
Xybticls fhatfrnub Banks — Albion, August, 1932, May, 1933 
Xysticus sp ( ? ) — Albion, June, 1932 

Olubionidae 

Anyphaina ci* leu (Hentz) — Albion, November, December, 1933, 
January, 1934 

Anyphalna gracilis (Hentz) — Albion, May, 1933 
Anyphaena ptcTonosA L Koch — Mosherville, Hillsdale Co , July, 
1933 

Anyphalna rubra Fmerton — Wolf Lake, Jackson Co , July, 1933 
Clubiona sp (?) — Albion, December, 1933 
Micaria Montana Emerton — Albion, May, 1933 
Micaria bp (?) — Albion, May, 1933 

Attidae 

Icius sp (?) — Soon to be described as a new species Marquette, 
July, 1932 

Phidippus electus Koch — Ishpeming, Sands, Marquette, July, 
1932 


Albion College 
Albion, Michigan 
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NOTES ON THE SPERMATOGENESIS 
OF SPIDERS 

ARTHUR M CHICKERING AND WAITER HARD 


ALTHOUGH spiders have never been popular animals in which 
Xx to study spermatogenesis, several investigators have worked 
with them in attempts to elucidate the problems of chromosome be- 
havior and the process of spenmogenesis It seems probable that 
the “nucleolus” described in spiders by Wagner (1896), nearly forty 
years ago, was a sex chromosome, In a series of three papers dealing 
with Agelena naema Wallace (1900, 1905, 1909) arnved at the fol- 
lowing conclusions after a number of corrections There are two 
accessory chromosomes in each spermatogonium , in early spermato- 
cytes the two fuse into a single body The bipartite accessory 
chromosome passes undivided into only half of the secondary sperma- 
tocytes It then div ides in the second maturation div ision, so that 
half of the spermatids possess an accessory chromosome and half do 
not The haploid number of chromosomes is about twenty-five 
Many spermatids show a delayed separation An extracellular 
axial filament grows out from a centrosome and acquires a small bleb 
at the center and another at its tip The spermatid nucleus is trans- 
formed into a crescent-shaped head of the spermatosodn, and this 
slips out of the cytoplasm and becomes the mature sperm bearing a 
tad, as described by Wagner in 1896 Apparently the only worker 
to locate an XY-pair of chromosomes was Montgomery (1905) in 
his study of Lycosa tnsopita (L gulosa Walck ) Bdsenberg's U904, 
1905) study of Lycosa and a few other forms appears to have been 
the most thorough piece of work thus far done on the spermiogenesis 
of spiders Except in minor details his work agrees well with that of 
Wallace, as this was finally left m 1909 Berry (1906), working on 
Epetra sclopetana (Araneus smeatus Clerck), identified a bipartite 
accessory chromosome and described its behavior essentially as 
Wallace did in Agekm Painter (1914) studied several species of 
spiders He found but fifteen chromosomes in spermatids of Agekna, 
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but he agreed essentially with Wallace in regard to the bipartite 
X-chromosome Two small ctetosomes were found in each sperma- 
togonium In the last hporinatogomal division these ctetosomea lag 
and pass into but one of the two cells, which become primary sperma- 
tocytes Thus the latter are of two types, those which ha\e cteto- 
somes and those which do not When present these bodies fuse with 
the accessory chromosome in the test peiiod anti remain thus through 
the first maturation di\ lsion and then pass undn ldtd into only one 
of the two secondary spermatocytes resulting from this division 
They appear to divide with the accessory chromosome in tht second 
division, and thus only one fourth of the spermatids would contain 
ctetoaomes Painter postulated a correlation between the occurrence 
of two varieties of males in Maema xntiata and the peculiar distribu- 
tion of these bodies Bodies called “planosomts” by Painter weie 
found to anse in the rest period 1 hey probably fus< with the ac- 
cessory chromosome in this period and later separate from it dunng 
the growth period 1 hey may dn ide in the first maturation division, 
but they often lag and behave irregularly They do not dn ide in the 
second division, and they seem to have a very irregular and fortu- 
itous distribution to the spermatids One of the few recent authors, 
Warren 0926, 1928, 1930, 1931), has published several papers in 
this field in which he has dealt with sperm logenesis, with particular 
emphasis on an unusual method of producing spermatozoa by di- 
vision of the spermatids On the basis of this work he has con- 
cluded, apparently, that it is difficult if not impossible to retam a 
belief m the universal application or general significance of the current 
conception of specific chromosomes bearing linearly arranged genes 
transmitted from generation to generation Because of the the- 
oretical importance of his claims and because of the very unusual 
conditions noted by him we have paid special attention to comparable 
stages in the animals which wo hav e studied In certain species this 
author has represented anutosis os occurring with considerable 
frequency In these species the wall of the testis is described as being 
lined with germinal nuclei which undergo a senes of amitotic di- 
visions and thus produce lobules which may be cither large-celled or 
small-celled, depending upon the mode of formation Cells ansing 
from these divisions can be termed, respectively, spermatogonia, 
primary spermatocytes, secondary spermatocytes, and spermatids 
In certain forms like Emrcha the large-celled lobules function as 
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nurse lobules, while the small-cdled lobules produce the spermatozoa 
Karyokinesis was observed m these animals, but it seemed to be ir- 
regular Warren was unable to det ermine whether the spermatozoa 
arose by typical karyokinesis or not 1 rom the spermatids the 
spermatozoa are formed in a v anety of ways in the difft rent species 
In some instances he thinks the sperm may be formed, as described 
by other investigators, from spermatids with a chromatin cap which 
condenses into the mam pirt of the spermatozoon In the most 
interesting instances the spermatids within lobules fuse and form a 
kind of syncytium, after which each nucleus elongates into a “sper- 
matic cord ” Then each cord split* longitudinally into two or more 
threads, each of which condenses mto a spermatozoon The splitting 
may be into fairly equal or very unequal portions, and this is a point 
greatly stressed by Warren in his criticism of cui ruil gcnetical 
theory The threads which result from unequal splitting of the cords 
appear to form quite as functional sperm as do those formed from 
equal parts lung (1925) recently pubhshod u brief report on a 
species of Amaurobius studied m Professor Gatenby s laboratory in 
Dublin He found structures somewhat hk( those described by 
Warren, his conclusion is that there is no evidence of anutosis any- 
where m the process, but, on the contrary, dear evidence that the 
process continues in general as described for the great majority of 
animals A sex chromosome is clearly ev ident Both large and small 
spermatids occur The large ones give rise to normal sperm while 
the small ones, with little cytoplasm, are regarded as degenerate 
Our own studies have been started in the hope of removing some 
of the inconsistencies and contradictions now so prominent in tht 
literature and also in the hope of adding considerably to the knowl- 
edge of the occurrence and the behavior of the cytoplasmic com- 
ponents of the sex cells m tlnse animals Little is now known 
about chondnosomes and Golgi bodies m these animals, and it 
seems likely that a study of these would contribute much to our 
knowledge of the architecture of the sperm During the spring and 
summer of 1933 several males of Sehizocona bikneata (Emerton), two 
species of Lycosa, and a species of Pardosa were collected and their 
testes prepared for study in several different ways All the testes 
studied in the preparation of this paper were killed in Bourn's fluid 
and stained m iron haematoxyhn The material has proved to be 
fairly good for the study of chromatin but, of course, is practically 
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worthless for a study of cytoplasmic constituents In reality, only 
a sort of general survey has been accomplished thus far We hope 
in the near future to continue the work with a much more intensive 
study of both the chromosomes and the cytoplasmic components 

We have found no indications of anntosis in any part of the testes 
of our animals Mitoses occur in all the stages in which they are ex- 
pected, and we have no doubt that this is the regular method of cell 
mult iphcftt ion, as in most other animals lo be sure, we have found 
many difficulties in making exact determinations of the number of 
chromosomes in the various stages and also in the study of other 
important features of spermatogenesis, but we see no evidence of 
amitotic irregularities 

Spermatogonia appear to be scarce m all our material We have 
found a few cells in which counting of chromosomes is possible but, 
difficult Prochromosomes occur m the anaphase of the last sperma- 
togonia! division m Lycosa and possibly in Schizocosa and Pardom 
The cells containing the prochromosomes were conhned wholly to the 
periphery of tin testis in Lycosa The prochromosomes appear to 
spin out into leptofene threads, which then pair in quite typical 
fashion and sometimes are more or less polarized Ihe threads be- 
come considerably intertwined in this and succeeding stages and 
strongly suggest Janssen’s famed chiasmata (1924) Later the double 
threads condense to form prominent tetrads, which tend to become 
V-shaped and U-shaped A large bipartite body may l>e found in 
all stages from the leptotene stage to the first metaphase This is 
regarded as the sex chromosome, but its subsequent history has not 
been followed through to the spermatids with any degreo of certainty 
It seems probable, however, that the Lycosidae studied by us are of 
the so-called XO-type in respect to their sex chromosomes Many 
counts have been made of the chromosomes during metaphases of 
both divisions, and we have determined the approximate number 
present But the results are not yet consistent, and we hesitate to 
make a definite statement which may need to be changed later, as in 
several other instances The inconsistencies may be due to bodies 
similar to or identical with Painter's planosomes, which are difficult to 
distinguish from ordinary chromosomes 

The general pattern of sperm logenesis seems to be essentially the 
same in all species thus far studied by us We have found no evidence 
of such a division of spermatids as Warren has described In no case 
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I< ms 31-45 Diagrams to illustrate epenmogencsm m Lycosa, 
Pardosa, and Schuocosa 

Fios 31-32 Spermatids of Schuocosa, showing tondinsaticm of the chromatin 
and the origin of the nuchar vesiclo 

Figs 33-36 Spermatids of Lycosa , showing a similar condensation of the chro 
matin and the development of the nuclear vesicle Figure 34 shows two 
small spermatid nuclei differentiating within a single secondary spermatocyte 

Fm 37 A spermatid of Pardosa, showing the disaj ptarsnee of the nuclear 
vesicle during the condt nsation of the nucleus 

Figs 38-39 Two later stages in the differentiation of the spermatids of & rkuo - 
cosa I igure 39 shows the condenmd nucleus at the periphery of the cell, 
with no nuclear vesi< le visible 

Fig 40 A young spermatozoon of Pardosa lying on the periphery of the sperma 
tid cytoplasm 

Fioa 41-48 Stages in the further dtvilopment of the spermatozoa in Lycosa 
Figures 42 43 show dclaj f*d cytokinesis of secondary spermatocytes 

Figs 44-45 Nearly mature spermatozoa of Schuocosa and Pardosa, respec- 
tively In Figure 4t the thin envelope of cytoplasm is shown 
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have we noted a fusion of spermatids to form a syncytium In all 
our animals the spermatids are formed in nearly typical fashion and 
then transform directly into spermatozoa In Lycoaa , however, 
cytokinesis of the secondary spermatocyte is often either delayed or 
omitted altogether, with the result that two spermatid nuclei may 
be held within a single cytoplasmic mass (Figs 34, 42-43) and appar- 
ently differentiate into fully developed sperm still contained within 
the undivided mass of cytoplasm In typical spermatids a vesicular 
nucleus is formed which soon localizes its chromatin on one side 
(lugs 31 33) In many cells at this stage a small txidy strongly 
resembling a centnole appears opposite the place of chromatin con- 
centration (Figs 32 33) Concentration of the chromatin continues 
until wc have such an appearance as is illustrated in Figures 37 and 
38 We interpret the conspicuous vesicle accompanying the develop- 
ing sperm as a nuclear vacuole remaining after the chromatin has 
condensed into a very compact mass Soon the young sperm is 
elongateel, somewhat twisted into a loose spiral, and lies more or less 
wrapped around the surface of the vesicle (lugs 35^38, 42-43) 
Soon after this stage the nucleus, together with a thin envelope of 
cytoplasm, seems to slip out of the old mass of cytoplasm (Figs 
19-41) After lying on the surface of the cytoplasm for a time 
(Figs 39-41) the more or less mature spermatozoa come to he loose 
among the old remains of the spermatids (Figs 43-45) Just what 
happens to the vtsicle is uncertain, but it disappears dunng the 
separation of the sperm from its surrounding cytoplasm This 
process should become much more thoroughly understood as soon 
as some attention can be given to material killed and stained to show 
cytoplasmic constituents in these cells 

At slow Collbpk 

Albion, Michigan 
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THE MOOSE (ALOES AM ERIC ANUS) AND THE 
WATER SHREW (SOREX PALU8TRIS H\ - 
DROBODISTES ), RARE MAMMALS OF 
THE SOUTHERN PENINSULA 
OF MICHIGAN * 

CIT ARIES W CKIASFR 

R ECENTLY we compiled a list of the vtrtebriUs (other than 
birds) of the region of the Umvtrsity of Michigan Biological 
Station With this unpublished list is a discussion of the zooge- 
ography of the vertebrates of this rtgmn, many of thcs< reach the 
limits of their range at or near tins station Two mammal records, 
however, are of special importance since they constitute the only 
specimen records for the Southern Peninsula of Michigan 

While upon general consideration there can be little doubt that 
at an early date the moose was to be found over much of the Southern 
Peninsula of Michigan, no specimen material is on record Wood (2) 
cites a record listed as from Presque Isle County, which has been 
amplified by Wood and Dice (1) and which reads as follows “John 
Rodger in October, 1883, saw a fine male near Black Lake ” Phis 
paper contains records from three counties, as follows “Charles C 
McDonald, a lighthouse keeper, saw a moose in this county [Huron] 
about 1870 and heard of others later, ” “A B Co\crt at one time 
had the antlers of a male killed in August, 1881, in Union Township 
[Messaukee]/' “0 R Dodge saw the body of one brought to 
Port Huron, which had been killed in the winter of 1864 m Samlac 
County " These constitute our records from the Southern Peninsula, 
no specimen material is included 

Dunng the summer uf 1933 a party of biologists from the Uni- 
versity of Michigan Biological Station, under the direction of Dr 
Frank C Gates, discovered al Sleeping Bear Point (Leelanau County) 

* Contribution from the Biological Station of the University of Michigan and 
from Wayne University 
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two teeth and a fragment of the maxilla of a moose These remains 
certainly were covered with sand before the coming of the white man 
Dr Gates's description of the location and some indication of the 
age of the burial are as follows 

The teeth were on the eroded aide of the Sleeping Bear dune Disturbance* 
have resulted in the complete loss of vegetation on this aide and the blowing away 
of the sand at a considerable rate per year The depth of sand removal from the 
time that T first knew thesdune (1911) to where these teeth were found, 1 would 
sav was about twenty fe*t 

Two of the fragments consisting of a tooth and the right upper 
promolar two still contained in a part of the maxilla have been 
donated by the collector, David Gates, to the United States National 
Museum and the Museum of Zoology, University of Michigan, Ann 
Arbor, Michigan 

The water shrew, Sorex palustrta hydrobodistea Jackson, has been 
taken rarely in the Northern Peninsula of Michigan (1) An adult 
male was caught by II A Stirton in Cheboygan County in the gorge 
at the edge of a cold trout stream on the University Biological Station 
property It is now in the Museum of the University of Michigan 
(No 58807) and is the only record south of the Straits of Mackinac 
The identification was made by Dr Jackson 

Wayne University 

Detroit, Michigan 
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THE GRAYLING IN MICHIGAN* 


CHARI tS W CREASER 
Wayne Umvemty 
AND 

TDWIN P GREASER 
1 INTRODUCTION 

F FW of our fishes have commanded as much interest as the mag- 
nificent grayling It is regarded by many as the most beautiful 
of our game fishes, and the mystery of its disappearance is intriguing 
Once the most abundant fish m many of our northern strt ams, it has 
now boon reduced in numbers to a few individuals, which survive in 
the Otter Ri\ er in Houghton County 

Under pressure from fishermen and naturalists generally the 
State Department of Conservation of Michigan has tried to culture 
and replant the deserted waters with this highly prized fish, but 
without success This may in part lie attributed to deficiency in 
our knowledge of its life history 

Recently a few specimens from the Otter and Au Sable rivers 
in Michigan and some of the very closely related Montana grayling 
have come into our hands for study through the courtesy of the 
Cranbrook Institute of Science and the Museum of Zoology of the 
University of Michigan We are thus able to make a study which is 
concerned with the growth of the grayling in the Otter River as de- 
termined from the scales We hope that it will stimulate further 
study of the grayling It is to be desired greatly that at least enough 
of these unique fishes may be raised to save the species from ex- 
tinction, even if numbers sufficient for sport fishing be unpractical 
or inadvisable to maintain 

II POBMPR DISTRIBUTION OP GRAYMNa IN MICHIGAN 

The rivers, lakes, and bays mentioned by Michael (1905, p 24) 
aa formerly inhabited by grayling include the following Muskegon, 

* This study was made possible by the writers' connection with the following 
institutions W&yno University, the Cranbrook Institute of Science, and the 
University of Michigan (the Museum of Zodlogy and the Biological Station) 
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Manistee, Iordan, Cheboygan, Rifle, and Au Sable nvers, Pine and 
Portage lakes, Great and Little Iraverse bays and Thunder Bay 
Milmr (1874, p 711) says that the grayling occurs in Pine Lake, in 
the upper tributaries of the Muskegon and Manistee nvers, and in 
the Boardman, Jordan, Au Sable, Rifle, Marquette, and Au Gres 
nvers Mershon (1923, pp 142-181) in his Recollections of My Fifty 
Yearn 1 Hunting and Fishing states that brook trout were unknown in 
the Southern Peninsula except in a few streams flowing directly into 
Lake Michigan in the extremt northern part The grayling, accord- 
ing to the same writer, occurred rather generally throughout the 
areas m the Southern Peninsula where brook trout are now found 
Mershon took grayling in the Black River as late as 1903 The first 
specimen of grayling from the Otter River is recorded by Jordan and 
Lvermann (1896, p 518) 

III 0JKA1 LING PLANTS IN THE OTTER RIVER 

It is unfortunate, at least for any taxonomic study of the gray- 
ling, that an effort was made to plant the closely related Montana 
grayling in the Otter River The first mention made of plantings 
of these fishes in this river is in the Twenty-first Biennial Report of 
the Michigan Fish Commission Under the record of grayling plants 
the following entry is found (p 212) “Houghton County, Otter 
nvpr, 25,000 ” These plantings wt re fry obtained by hatching eggs 
of the Montana grayling Whether or not they were successful can- 
not be determined In view of the survival of the species up to the 
present day in the Otter River it seems necessary to assume at least 
that conditions may have been favorable for plantings and that some 
of the fry may ha\ e survived 

IV PRtVfOUS STUDIES OF THE OTTER RIVER GRAYLING 

During the year 1922 the grayling were the object of a mostly 
unpublished study of considerable scope by John N Lowe In the 
Biennial Report of the Department of Conservation for 1926 and 1926, 
(p 126) he estimates that there were in 1925 between 600 and 700 
individuals in the nver About 125 of these were removed to the 
lower part of the state and were planted on the Gladwin game refuge 
m an old beaver pond, which is now a cat-tail marsh Quite naturally 
these tr&nspl&ntings seem to have been entirely unsuccessful 
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V SPFCIFIC STATUS OF THE OTTEH RIVFR GRAYLING 

If the 1914 planting of grayling in the Otter was successful, the 
present race may possibly, but not probably, be hybrid in origin 
Experts are much puzzled in their effort to separate the various 
isolated groups of grayling lhis species appears to have been a 
rehet of the Great Ice Age and to have persisted in favorable cold 
water sites and has been separated from the cm unipolar grayling 
since that lime Quite probably there is no specific difference between 
the currently recognized throe species of North American grayling 
Our study shows a marked differ* nee m growth rate, but sm< e m each 
instance there are sufficient data from only one locality, environ- 
mental differences cannot be ruled out It is also possible, but not 
likely, that the Otter River grayling is racially different from the one 
formerly occurring throughout the northern section of fhe Southern 
Peninsula For the present purposes the name Thymallus tricolor 
Cope, 1865, may be used in connection with the Otter River speci- 
mens, with the reservations noted abov e Studies are now in progre ss 
by other workers on the specific status of the existing JVIichigin gray- 
ling 

VI AGE ANT) GROWTH 6TUD1F8 OF GKAVLING FROM 

MICHIGAN AND MONTANA 

The specimens of grayling at our disposal consist of individuals 
from Michigan and Montana specimens from Montana arc included 
in this account to give some idea of the comparative growths 

The scales used in this study were obtained from the side of flu 
fish above the lateral line and below the middle of the dorsal fin 
They were cleaned and mounted m the sodium silicate, glycerin 
medium Readings and calculations of the age and growth of the 
grayling were made from a typical fish-scale projector (for methods 
see Creaser, 1926, pp 10-12) 

The scale of the grayling is exceptionally easy to decipher The 
growth-cessation marks are quickly established and are clearly 
marked Since the grayling spawn early in the spring, activity at 
this time merely serves to accentuate the winter mark 

Our material of the Michigan grayling consists of thirteen speci- 
mens, and all except one are from the Otter River Very fortunately 
this Otter River series vanes m size from 90 mm (4J inches) to 
242 mm (111* inches) and permits the construction of & tentative 
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growth curve of specimens from this nver All year groups from 
0 to III are represented, and to this information we have added 
computations of length based on scale measurements The scale of 
the grayling shows conclusively that it undergoes a very definite 
period of grow th cessation, as will be noted m Plate XCVII Compu- 
tations and measurements show that the average growth of the Otter 
River grayling for the first growing season is about 86 mm standard 
length, or about 4} inches total length At the end of the second 
growing season they ha\e attained a size of 178 mm , or about 8} 
inches At the end of the third growing season they have attained a 
standard length of 232 mm , or a total length of about 10} inches 
The growth increment in the fourth growing season cannot be given 
with any degree of surety We have examined a single specimen pre- 
served at the end of its fourth growing season This specimen, now 
m the Cranbrook Institute of Science, was removed from the Otter 
River at the beginning of its third growing season and placed in a 
hatchery stream At or near the end of its fourth growing season 
it was 212 mm hmg, or 11} inches total fength (see Fig 46) 

The single Hpeumen that we have seen from the Au Sable River 
at Grayling, Michigan, at the end of its third growing season (Sept 1, 
1900) was 258 mm long standard length, or 11} inches total length 
The computed length for the first growing season is 86 mm,, or 
about 4} inches, and for the second growing season 191 tarn ^ or 
about 8} inches 

The Montana grayling from Georgetown and Rodgers lakes, ac- 
cording to our computations, measurements, and scale readings of 
seven specimens grow considerably faster than the Michigan gray- 
ling from the Otter River The computed length for the first growing 
season is 91 mm , or about 4| mches total length, for the second grow- 
ing season, 234 ram , or about lOf inches (about as long as the average 
of tho Michigan grayling from Otter River one year older) At the 
middle of the third growing season the Montana grayling averaged 
292 mm , or about 13} inches total length Two specimens from 
Rodgers Lake collected in the middle of their fifth growing season 
averaged 341 mm standard length, or about 15} inches total length 
(see Fig 46) 

Such data as are available to us inchoate that there is little if any 
difference in growth which may be attributed to sex 

From our evidence ft seems certain that the grayling in the Otter 
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River mature at the end of Iheir second growing season Iho single 
female specimen of about this age (caught late m the second grow- 
ing season) which we ha\c from this river shows the eggs in early 
stages of development, whereas a specunen from Montana of slightly 



Flo 46 Comparative growths of the Montana and the Michigan grajhng I or 
the Montana grayling the unbroken line repreneutg individual* from George- 
town Lake, the broken line, two from Rodgers Lake These last Uo were 
not used in the computations For the Michigan giaylmg the unbroken 
Hne represent* individuals from the Ottor River the broken line, a single 
npeeltnen from the Otter River, which was removed to a hatchery at tin 
beginning of its third growing season This specimen was not used in the 
computations 

younger age has npening ova bpawmng probably takes place at the 
beginning of the third season The males are almost mature late 
in the second growing season The Otter River grayling thus reach 
maturity at an average size of 178 mm , or about 8i inches 

The comparative growths of the brook trout, the rainbow trout, 
and the grayling are of interest Ricker (1932, pp 77-81) states that 
In the Mad River, Ontario, the brook trout late in the summer have 
m average length in their first growing season of 2 inches, in their 
second growing season they are 4 9 inches long, in the third growing 
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soason they are 7 6 inches long, and those which are in their fourth 
season are 10 4 inches long Hazzard (1932, pp 347 349) gives the 
following information about the average lengths of wild brook trout 
in New York The average standard length at the end of the first 
growing season is 9 4 cm (4 J inches total length) , at the end of the 
second growing season, 13 5 cm (about 6 inches total length), at the 
end of the third growing season, 16 8 cm (about 7J inches total 
length) The brook trout quite clearly is a more slowly growing fish 
than the grayling 

Mottley (1932, pp 148 151) gives some data on the Kamloops 
rainbow trout (Salmo kamloops Jordan) He found a different growth 
rate correlated with environment of lakes and streams The stream 
rainbow trout grew more slowly, but even they had attained a length 
of about 7 inches at the end of the first growing season, 14 inches at 
the end of the second, 16 inches at the end of the third, 19 inches 
at the ond of the fourth Leach (1923, pp 34-35) states that rambow 
trout ( Salmo shasta) under artificial conditions attain the following 
lengths at the end of the first growing season, 8-10 inches, at the 
end of the second, 12 14 inches, at the end of the third 16-18 inches 
Leach surmises that the trout would average 2 inches smaller under 
natural conditions The rainbow trout seemingly grow faster than 
the Otter River grayling 

vn NATURAL HISTORY NOTES 

r lhe Michigan grayling was formerly a very prolific species 
Probably the closest approach to its numbers in the state today is 
that of the smelt, Osments mordax Like the smelt, the grayling is 
a spring breeder During the breeding season in the past century 
thousands of grayling were caught Parker (1889, pp 83- 87) re- 
cords that vast numbers were taken in the Hersey branch of the 
Muskegon River in the early spring breeding run These fishes were 
slaughtered by the thousand, and no lees than a half-dozen wagon- 
loads were hauled away Hinsdale (1932, p 15) digests information 
giv en by H B Roney 1 which testifies to the former abundance of 
these fishes “A party of two gentlemen and two ladies who en- 
camped upon a stream for about a fortnight caught 3,000 greylings, 

1 The Importance of More Effective LegtehUon for the Protection of Game and 
Fuh, Michigan Sportsmen s Association for the Protection of Fish, Game, and 
Birds 1879 
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2,000 of which wore taken to ( hieugo, the other 1,000 not being in 
sufficiently good state of preservation to be trtnsportcd Another 
party from Chicago caught, during an expedition of 4 weiks, 5,000 
graylings ” 

At the present time graylings occur in vast numbers in Alaska 
Here, as formerly in Michigan, they take a fly very readily m the 
bright daylight In spite of the fact that they bil< readily they are 
rather difficult to land, since their mouths are verv tender 1 hey 
are largely insectivorous and live in rapidly moving waters iho 
ease with which they may be caught with a fly doubtless contribute! 
to thur decrease m numbers 

The former remarkable numl>ers of this species of fish may in 
part be attributed to its fecundity Jerome (1879, p 29) records 
that 8,555 eggs, as deteniuin d by a count were t ik( n from a female 
which weighed nine ounus afUr their removal A largt brook trout 
is much less prolific 

In the literature there has been much discussion regarding the 
taste of this fish there is rather general agreement that it does 
not taste like either the brook or the rainbow trout According to 
some fishermen, it tastes like the whitefish Mi Hanselman of 
Ann Arbor, who has caught grayling in tin Manistee River (PI 
XCV1II), says that the tasti and the texture of the Hesh differ little 
from those of our nativo ciscoes 

Ihe causes underlying the disappearance of the grayling are un- 
known Several theories have been adv anced Ov erfishing has been 
repeatedly mentioned as the reason for its near extinction Acid 
pollution from cedar logs, sawdust pollution, and log driving, have 
been advanced as factors in the depletion of the specus Mershon 
(1923, pp 170 171) says, however, that after the log drives had 
ceased the grayling again became abundant He favors the view 
that the introduction of the rainbow and the brook trout were con- 
tributing factors in the disappearance of the grayling in the Au Sable 
and Manistee rivers The grayling have, however, persisted for 
some time in the Otter River in company with other trout The 
interrelationships of the various siiecies may have had some l>earing 
upon the final extinction of the grayling A theory which has not 
received much consideration concerns the temperature requirements 
of this species The clearing of the forests and the subsequent burn- 
ing most certainly caused a rise in the average summer temperatures 
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of the streams, perhaps beyond the toleration point of these fishes, 
as has been indicated for the brook trout (Creaser, 1930) It should 
be recalled here that the grayling is a glacial relict which became 
established at the edge of the retreating glacier m ice-fed nvers and 
persisted since that tune in favorable situations Mershon (1923, 
p 178) mentions that the temperature of the water on the Au Sable 
River on April 30, 1874, was 40° Fahrenheit This appears to be the 
only temperature record made of the water of the Au Sable during 
the days when it was inhabited by grayling 

VIII PROBLEMS OF PROPAGATION 

f roni the standpoint of propagation, the relative growth rates of 
the Montana and the Michigan grayling are extremely important 
There is a great possibility that the differential growth rate of gray- 
ling in the two states may be genetic rather than environmental in 
nature If this be true and if the grayling should prove to be desir- 
able, the Montana grayling should be the one reared for spormg 
purposes 3 he advisability of restocking our lakes and streams at 
this time with Montana grayling is extremely questionable The 
ease with which they take the fisherman's fly removes meet of the 
clement of sportsmanship m this pastime They are too easy to catch 
Moreover their food habits render them competitors of some of the 
other well-established species of trout Abo attempts to plant 
grayling in the past have apparently met with no success at all 
Finally, it is strongly desirable that more information be available 
on its environmental requirements before plantings are attempted 

For scientific purposes if for no other the Michigan grayling 
should be maintained and every effort should be now extended in 
this direction Perhaps it is even now too late 

IX SUMMARY 

The Michigan grayling formerly occurred widely distributed 
throughout the northern part of the Southern Peninsula It still 
persists in rapidly diminishing numbers m the Otter River in the 
Northern Peninsula 

The Montana grayling has been planted in the Otter River, com- 
plicating studies of a systematic nature 

The grayling in the Otter River grows more slowly than the 
corresponding species in Montana The brook trout grow* somewhat 
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more slowly than the Michigan grayling, the rainbow trout seemingly 
grows faster 

Notes and testimony on the former abundance of the grayling are 
given The reasons underlying its disappearance are considered with 
special attention given to the neglected temperature theory 

The desirability of saving the Michigan grayling from axtmcMon 
U mentioned The wisdom of further attempts at planting Mont ma 
grayling at the present time is questioned 
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A COMPARATIVE STUDY OF THE BENTHIC 
FAUNA OF FOUR NORTHERN 
MICHIGAN LAKES * 

iRANk l KiGIFTON 

INTRODUCTION 

T HE bottom fauna of a lake vane* qual tatively and quantita- 
tively not only with the seasons of the year, but also with depth, 
with physico-chemical conditions of the superimposed water, and 
with the character of the bottom deposits These fads, now well 
established by such recent work as that of Miyadl in Japan, Lund- 
bcck and Lena in Germany, Lang in Sw eden, Stankovic in Yugoslavia, 
Decksbach in Russia, Adamstonc and Raw son in Canada, and Juday, 
Scott, Richardson, and Egglcton in this country, were practually 
unknown ten years ago Contributions to our knowledge of th*>se 
phenomena have appeared frequently during the last six years 
However, though these contributions have added significantly to this 
phase of limnology, many more such studies must be made before 
we shall have amassed data sufficient to justify concise statement of 
those basic principles which will reduoo to a coherent whole what 
still frequently appears to be a great hcterogenoity of uncorrelatcd 
facts 

The present paper offers results of a study begun in 1926 as an 
additional investigation while the author was primarily engaged upon 
another bottom-fauna problem, and aimed at a comparison of the 
benthic population in four lakes geographically closely situated bui, 
ecologically widely different The investigation has been continued 
during the last eight years, and observations wore made at irregular 
intervals until the summer of 1933, when the author made it his 
principal research project for the season The lakes In which the 
study has been conducted, namely, Douglas, Lancaster, Vincent, 

* Contribution from the University of Michigan Biological Station and from 
the Zoological laboratory of the Umvwaity of Michigan 
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and Munro, are all situated in Munro lownship, Cheboygan County, 
Michigan, and he within the Cheboygan Kivcr drainage basin Map 
44, a sketch map prepared from an aerial photographic map made by 
the United States Army, shows the drainage from Munro Lake 
through Lancaster lake and into Douglas Take, which in turn 
empties through Maple River into Burt Lake , thence through Indian 
River, Mullett Lake, and the Cheboygan River into the Straits of 
Mackinac On Map 44 the source of Maple River is shown where it 
rises at the southwestern corner of Douglas Lake Vincent I ake is 
the only one of the four which has no surface inlet or outlet 

Jewell and Brown (1929, p 449), writing about Munro Lake, 
state “ The outlet at the north end of the lake formerly flowed into 
Lancaster Lake, but at the time of this study was dry most of the 
time Only once, during the summer of 1921, has the author ob- 
served any trace of a current in this outlet ” Wlnlo it is true that 
the volume of water entering Lancaster Lake through North Munro 
Creek is always small during the summer, apparently never equaling 
that brought in by the Northwest Inlet (Map 44), nevertheless, the 
present writer has never seen it dry or entirely devoid of current on 
any of the numerous occasions on which he has followed it throughout 
its length Ihe condition descnt>ed by Brown and Jewell appears, 
therefore, to have been abnormal Within the author’s experience 
Bessey Creek has always maintained a continuous flow, lessened 
during late summer but evident even during low-water years lho 
water level in Douglas lake sometimes falls so low during August 
and September that Maple Rher is practically dry at its «ource, 
although farther downstream, augmented by small feeder streams, 
it may maintain a current 

The fitnkmgly different limnological character of the numerous 
lakes which he within a radius of fifteen miles from the University 
of Michigan Biological Station has been known for more than a 
decade, and many studies dealing with various aspects of limn< logy 
have been conducted on these waters and published by Professor 
Paul 8 Welch, his students, and associates Sev oral of these papers 
are concerned with one or more of the lakes studied m this investi- 
gation and some of them are of special interest in this connection 
Among them are the following Tucker (1913), Reighard (1915), 
Jewell and Brown (1924, 1926, 1929), Welch (1928), Welch and Loomis 
(1924), Welch and Eggleton (1932), and Eggleton (1931, 1932) 
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That the pronounced diversity of aquatic habitats in the vicinity 
of the Biological Station offered excellent opportunities for many 
bottom-fauna studies was evident to the author as long ago as 1923, 
and in 1926 Douglas, Vincent, and Munro lakes were selected for a 
comparative study of their benthic populations because of their 
marked morphometric, physico-chemical, and biological differences 
Lancaster Lake was actually not included in the plans of the problem 
until some time later, although data from certain physico-chemical 
determinations made during 1926 and from some bottom samples 
taken in the same summer are included m this paper 

Professor Welch and the author have completed the field work 
for a joint contribution on Munro Lake, and therein will be discussed 
the bottom fauna of that lake in much greater detail than can be 
attempted here Likewise, the present writer expects to begin an 
intensive study of Lancaster Lake bottom fauna during the summer 
of 1934, and many data already at hand concerning that lake will be 
included in a later paper 

Methods - The methods employed in this investigation ha\ o 
been substantially the same as those used by the author in other 
bottom-fauna studies, and for details the reader is referred to previous 
papers (Eggleton, 1931, 1932) It may here be stated, however, that 
bottom samples were collected with a small Fkman-Birge dredge, 
temperatures w'ere taken with Negretti and Zambra thermometers, 
and procedures outlined in Standard Methods of Water A nalytns were 
followed m chemical determinations Conductivity was determined 
by the use of a Digby and Biggs Dionlc Water Tester (Evershed, 
1911), and results are recorded in terms of reciprocal megohms 
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MORPHOMETRIC FEATURES OF THE LAKES 
Douglas Lake 

The morphometry of Douglas Lake has already been described 
by Scott (1921, pp 106-117), Welch (1928, pp 426 429), and Eggle- 
ton (1931, pp 241-243) Although clearly definod differences exist 
among the seven depressions of tins lake, data from but two of them, 
South Fish-Tail and Grapev me Point depressions, have been included 
in the present paper South Fish- Fail depression occupies the larger 
part of South Fish- Fail Bay and attains a maximum depth of 24 
meters It is isolated from the other depressions of the lake just 
below the 9-mctcr contour, at which level the area of this basin is 
375,150 square meters Grapevine Point depression has an area 
of 413,940 square meters at the 9-rnetcr isobath, and jURt above that 
depth it h isolated from all other deep-water areas of the lake 

Munro Lake 

Munro Lake is the second largest although the shallowest of the 
four lakes A detailed hydrographic map of this lake has been pre- 
pared and will appear m a subsequent paper Since the lake has a 
maximum length of about 1 8 kilometers, a maximum width (meas- 
ured at nght angles to the length) of approximately 1 2 kilometers, 
and a maximum depth of less than 6 meters, the slope of its floor is 
very gradual, in fact, the lake bed is practically level throughout 
moat of its extent This feature is in marked contrast to the condi- 
tion found in the depressions of Douglas Lake and in Lancaster Lake 
The data here presented for Munro Lake were gathered partly in 
the southern end of the lake, wdthin Section 16 (Map 44), and partly 
somewhat to the north of that point, where the road forming the 
southeastern Inirder of Section 4 stops at the beach 

Vincent iMke 

The smallest of the lakes included m this study is Vincent 
Jewell and Brown (1924, p 79) reported tliat this lake has “a maxi- 
mum length of about 1600 ft and a width of about 1000 ft ” Like 
Munro, Vincent Lake has a gently sloping floor, although, since its 
maximum depth approaches 7 meters and its length and width are so 
tnueh loss, its mean slope is somewhat greater than that of the larger 
lake Bottom samples have been taken throughout the whole 



614 


Frank E EggUAon 


central basin of Yinct nt Lake, some of them in senes extending from 
the doepest water up the slope to the shore line Data which from 
many records appeir typical of the lake have hxen selected for in- 
clusion in this report 

Lancaster 

As a basis for morphometric and biological computations a 
hydrographic map of Lam aster Lake was made during the summer 
of 193 I (Map 45) Positions of permanent monuments, over which 
transits were placed, arc indicated by small triangles near the shore 
line Depths in meters of the isobaths are shown on the map As 
will be seen, a vory considerable proportion of the lake floor lies 
beneath deep water Several soundings of a little mor< than 17 
meters were made within the area included by the 17-meter contour, 
but are not indicated in the map 

Benthic zones --In a previous paper (Eggleton, 1931, p 245) 
the author defined the extent of the various benthic zones in the lakes 
there studied as follows “ the littoral zone of the bottom is 
understood to mean that region lying betw f een the shoreline and, 
approximately, the lake ward limit of aquatic vegetation The 
profundal zone extends from the greatest depths (in lakes here con- 
sidered) up the slope toward shore to a point somewhat above that 
corresponding to the average upper limit of the hypolimmon The 
subhttoral lies between these two 

“ In Douglas Lake, the littoral zone would thuB extend from the 
shoreline to a depth of about 9 m , the sublittoral, 9-15 m , while 
the profundal includes all the bottom below the latter depth, 15- 
28 m ” These definitions are here applied to Lancaster, Vincent, and 
Munro lakes Under their terms the benthic zones of these three 
lakes would have the following extent 

Lancaster Lake littoral, ithore line to 3-meter depth, sublittoral, 3-6 meters, 
profundal, 6-17 meters 

Vincent Lake littoral, shore line to 1 6 meters, subhttoral, I 5- deepest water, 
profundal, none 

Munro Lake littoral, practically the entire lake floor, subhttoral, a relatively 
small area within the deepest water, profundal, none 

It is thus at once apparent that these four lakes differ greatly 
among themselves in the character and extent of their benthic 
habitats 




616 


Frank E Eggleton 


Physiography and inorphcnnriry of Lancaster Lake 


Maximum length 
Maximum breadth 
Mean breadth 
Maximum depth 
Mean depth * 
Direction of mam axis 
Surface area 
Elevation 

length of shore line 
Shore development 
Mean slope of bottom 
Volume 

Volume development 


065 meters 
456 meters 
329 meters 
17 5 meters 
8 84 meters t 
north and south 
210,335 sq meters 
about 217 0 J: 1 5 meters 
(722 0 ± 50ft) 

1950 mcterB 
1 2 

115 per cent t 
1,860,152 cu meters 
l 52 


* Also called "reduced thickness *’ 

f The figures were computed with formulae given by Juday (J914, p 122) 


TABLE I 

Areas and Volumes of thh Water at Various LKVBns in 
Lancaster 1 a kb 


Depth 

in 

meter* 

Areas 

1 

Volume of 
each 
stratum 
in cubic 
meters 

Percentage 
of total 
volume 

Underlying 
volume In 
percentage 
of total 

Square 

meters 

Percentage 

of 

surface 

Stratum 
in meters 

0 

210 336 

100 

0-1 

194 180 

10 44 

89 66 

1 

178 462 

84 9 

1-3 

336 198 

18 07 

71 49 

3 

157 046 

75 1 

3-6 

290 780 

15 95 

55 64 

5 

1J9 041 

06 1 

5-10 

692 036 

31 83 

23 71 

10 

98 909 

47 0 

10-15 

384 210 

20 65 

300 

16 

50 720 

27 0 

15-17 

55 575 

300 

006 

17 

6 884 

33 

17-17 5 

1 161 

006 

000 

17 5 

03 



Total 

1 860 152 

100 00 

0 00 


TABLE II 

I knoth of Contours and Arras Bbtwkbn Contours in 
Lancaster Lakr 


Depth 

in 

meters 

Length of 
contour in 
rooters 

Stratum in 

meters 

Area between 
oontoura m 
square meters 

Percentage of 
total area 
between contours 

0 

1960 

0-1 


15 2 

1 

1736 

1-3 


07 

3 

1590 

3 5 

18 904 

90 

6 

1600 

5-10 

40 181 

19 1 

10 

1260 

10-15 

42 190 

200 

15 

1025 

15-17 

40 835 

337 

17 

2900 

17-17 6 

0,884 

39 

17 5 

1 


210 330 

100 0 
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Comparison of the morphometry and physiography of the tales 

1 hese four lakes \ iry greatly from one another in many respects 
On the basis of certain morphometric measurements they can be 
placed in two classes, and on the bases of the physical and chemical 
nature of their waters and of seveial biological criteria they can like- 
wise be classified into different groups It is a notu cable fact, how- 
ever, that whenever the new criteria of classification are adopted 
the grouping of the likes w apt to be different Ihus, if those four 
alone are considered, Douglas and Munro are large lakts, Vincent 
and Lancaster are small ones If, now, they be separated on a basts 
of depth, Douglas and Lancaster belong in the same category and 
Munro and Vincent in another If the lakes are ground according 
to inflowing and outflowing streams, Douglas and Lancaster are alike 
in that they both have ink ts and an outlet, while Munro is different 
from either of them in having an outlet but no true flowing inlet, 
and Vincent, with neither visible inlet nor outlet, is alone in a third 
class Though exact figures for \mctnt and Munro remain to be 
computed, yet when they are compared with the known facts con- 
cerning mean slope of the bottom in Douglas and Lancaster, it scans 
certain that the four lakes could be arranged in a series showing rather 
constantly decreasing abruptness of slope from Lancaster through 
Douglas and \ intent to Munro Manv more sue h classifications 
of these lakes could be made on the basis of the diffe*rent inorpho- 
metnc&l, physical, chemical, and biological features which they 
exhibit Such extensions wuuld, however, sene only to illustrate 
further a fact already well established No one of the lakes is like 
any of the others in all of its characteristics 

Pm SICO-CHt MICAL rFArtfttS OF THE LAKF8 

The four lakes are quite as distinct from one another in tbeir 
physical and chemical constitutions as they are in their morpho- 
metries! features Tables III— V present physico-chemical data 
showing in a comparative manner vertical variation of these factors 
m each of the lakes at three different seasons of the year, early spring, 
midsummer, and late autumn Table VI contains a summary of 
eertain thermal and chemical data obtained in the four lakes during 
the years 1 926-33 In all these tables the data included have been 
selected for a few dates from among many complete senes in order 
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to illustrate the physico-chemical conditions typically presmt in 
these lakes 


Douglas Lake 

In Douglas Lake physico-chemical conditions are greatly different 
m each of the seven major depressions However, since but two of 
these regions of deep water are considered in this paper, they alone 
will be discussed in this connection South Fish-1 ail depression is 
typically stratified thermally in summer and likewise shows well- 
developed chemical stagnation within the hypohmmem during the 
latter part of the summer season Surface temperatures are seldom 
as high as those encountered in the smaller lakes, and the fall m 
temperature within the ordinarily rather extensive epihmmon is 
frequently slight Secondary thermochnes occasionally are present 

Table III contains data secured by the author in the spring of 
1931 (April 14-17) At that time the \ ernal overturn was in progress, 
and Douglas Lake was homothennous from top to bottom, with 
the temperature at 3 6 in South Fish-Tail depression and somewhat 
higher, 3 8, m Grapevine Point depression In respect to pH of the 
water, amount of dissolved oxygen, and free carbon dioxide, the two 
depressions were practically identical 

So far as the writer is aware, no record has ever been published 
concerning disappearance of the ice from this lake in spring It there- 
fore becomes of interest to record the following facts in connection 
with the physico-chemical data in Table III Mr Britt Riggs, care- 
taker of the Biological Station, reports that on April 4, 1931, there 
was solid ice 18-24 inches thick on the lake and cars were being 
driven over it On April 8 the ice was still solid, and in but one small 
place was there any evidence of its beginning to break away from 
shore On April 11, however, the ice began to break up rapidly and 
on Apnl 12, under the combined influence of wanner weather and a 
high wind, most of the ice went out of the lake The wind, although 
somewhat abated, continued fresh on Apnl 13 and shifted into the 
northwest, with the result that all the remaining ice was pushed 
into South Fish-Tail Bay When the wnter arrived at the Biological 
Station at 6 00 p m , Apnl 14, the ice extended from in front of the 
center of the Station grounds lakeward to a point somewhat east of 
the center of the bay and then tapered off m a northwesterly direction 
to near the tip of Grapevine Point (Section 28, Map 44) There was 
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thus an ice field, composed entirely of small cakes 2 T meters in di- 
ameter or smaller, occupying the whole southwestern portion of 
South Fish-Tail Bay The following morning this ice was frozen 
firmly together, but during the day it broke up again, melted con- 
siderably, and by night had shrunk to an area hardly more than a 
hectare (2 47 acres) in extent and was entirely composed of long, 
cylindrical “ crystals,” about 2 centimeters in diameter and 20 25 
centimeters in length, which floated upright in the water and ar- 
ranged themsehos in a honeycomb formation The following day, 
April 16, this fit Id of “crystals” shifted to a position directly in front 
of the Station and by that night had shrunk to less than half the 
area it had occupied on the prev urns day / bout 7 00 a m , April 17, 
when the writer left the Station, a fresh wind from the southwest was 
fast carrying this iu out into the lake and scattering it widely Dur- 
ing these three days, April 15 17, there had been no perceptible 
change in the earlv-mornmg surface temperature of the water in 
South tish-Tail Bay 

M unro Lake 

The slight depth of this body of water is reflected in the rapidity 
of its temperature changes During the hot weather of summer 
little difference exists between surface and bottom temperatures and 
they are uniformly high (Table IV) In spring the lake warms up 
quickly (Table III), and in autumn it cools off more quickly than 
any of the others (Table V) It almost never stratifies thermally 
The only thermochne found there by the author was on July 20, 
1932 (Table VI), and c\cn then it was just beneath the surface and 
was plainly ephemeral T he pH of this lake is alw ays on the al- 
kaline side of the scale, and there is never more than a slight vertical 
variation In fact, the most noticeable physico-chemical feature 
of the lake is its practical uniformity from top to bottom at all 
seasons of the year ( lables II I- VI) 

Vincent Lake 

The one thing which, from a physico-chemical standpoint, most 
clearly characterizes Vincent Lake is the acid reaction of its water 
Jewell and Brown (1924) found the pH to be as low as 4 4 and re- 
ported in a later paper (Brown and Jewell, 1926, p 23) that m 1925 
“samples from this lake wore consistently 4 4 between July 1 and 
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July 29/* but that, “When the water was tested, August 11 
and 12, it was found to have a pH of 6 4 " In a third paper (Jewell 
and Brown, 1929, p 455) these authors report an extreme variation 
in Vincent Like from pH 4 4 to 7 2 for the >ears 1923 26 During 
the course of the present investigation the pH was found to vary 
from 5 7 to 7 0 at the surface and between 5 4 and 7 0 at the bottom 
(Table VI) for the years 1926-33 

Like Munro, this lake very seldom shows thermal stratification 
and typically has an abundance of dissolved oxygen from surface to 
bottom The w iter is very soft The amount of carbonates present 
is but a small fraction of that found in the water of Douglas, Lan- 
caster, and Munro lakes (Table VI) Being shallow, the water warms 
up quickly in the spring (Table 111), becomes warm throughout in 
summer (lablcs l\ and VI), and oools off early m the autumn 
(Tables V VI) One of the more recently added routine analyses 
used by the writer in the study of these lakes has been that of con- 
ductivity or specific conductance Tables IV and V show that, of 
the four lakes studied, the waters of Vincent Lake were by far the 
lowest in electrolyte content, having less than one tenth of the amount 
present in Douglas Lake However, Vincent Lake has a noticeably 
higher specific conductance than that of the majority of seepage 
Jakes studied by Juday and Birge (1933) m northeastern Wisconsin 
They reported (p 237, Table IX) that of 238 seepage lakes in- 
vestigated slightly more than 86 per cent gave conductivity readings 
of less than 20, the value shown for Vincent Lake in Table IV of this 
paper 


Lancaster Lake 

Although a relatively small lake, Lancaster has a considerable 
depth for a body of water of its size This feature, together with 
the steep slope of its floor and the protection afforded it from the 
prevailing winds of the region by surrounding hills and forests, 
results in a very abrupt thermochne, ordinarily located near the 
surface Summer surface temperatures run rather high and bottom 
temperatures decidedly low for a small lake in that latitude and with 
a maximum depth of only 17 meters Table V shows that the lake 
cools off slowly in autumn, and in this respect It stands sharply in 
contrast to the shallow Munro Lake 

And again in contrast to the other three lakes, the water of 
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Lancaster Lake is rather highly colored Measured with the standard 
comparator of the United States Geological Survey the brown color 
of this water allowed a \aluc of 59 on the platinum-cobalt standard 
scale Associated with the abruptness of thermal stratification there 
is ordinarily present a well-dev eloped chemical stagnation within 
the hypohmmon Oxygen disappears from the lower wator quite 
early in the summer and by late July is often wholly absent below 
depths of 10 or 12 meters (I ablea IV and VI) The water is typically 
alkaline in its reaction, only rarely falling below 7 0 on the pH scale, 
and carries considerable amounts of dissolved substances as indicated 
in Tables IV- VI 

THE BENTHIC FAUNA Ob lifb LAKF8 

In Vincent and Munro lakes the bottom-fauna sampling senes 
have extended from the deepest water up to depths of one meter 
In Lancaster Lake the series have extended from the 17-meter depth 
up the slopes to the 2-meter contour, whili in Douglas Lake they 
have not extended above the 8-meter isobath Representative senes 
from each of the lakes ha\ e been selected and the data are presented 
m Tables Vll-X These tables show both qualitative and quanti- 
tative variations of bottom fauna m each lake at different depths 
and at different seasons of the year 

Seasonal Variations 

Qualitative — The benthic population on any region of a lake 
floor was found not to be qualitatively the same at all seasons of the 
year This fact was particularly evident in the littoral and sub- 
littoral zones, but even within the profundal zone iu Douglas and 
Lancaster lakes certain forms which were present at one season of the 
year were not always there at other times As was demonstrated by 
the author's earlier work on the profundal benthic fauna, the animals 
typically present within that zone on the floor of Douglas Lake in- 
cluded representatives of the genera Corethra, Chironomus, and 
Protenthes, and of the families Tubifitidae and Sphaerudae Tables 
VII, VIII, and X show clearly that the same taxonomic groups are 
represented in the profundal benthic fauna of Lancaster Lake, but 
that not every one of these groups is represented in the profundal 
benthie fauna at all seasons of the year m either Douglas or Lancaster 
Thus, on August 10, 1933, neither Chironomus nor Protenthes larvae 
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were taken below 6 meters in Lancaster Lake, although Corethra 
larvae, Tubifacidae, and Sphacrwiae were present even at 16 meters, 
whereas a little more than a month previously specimens of each of 
these five groups were found at the 15-meter depth 

The clearest evidence of the qualitative seasonal variations within 
the benthic fauna is to be found, however, in the column headed 
“All others ” in the tables Within the profundal zone of Douglas 
Lake depressions and wilhin the same zone m Lancaster Lake this 
group disappears during the summer stagnation periods, but appears 
again during the autumnal ov ertums Only a few autumnal records 
are available for these lakes, hence it is not known how far into their 
profundal regions the members of this heterogeneous group of 
benthic animals may penetrate, although the more nearly complete 
records in Third Sister Lake (Eggleton, 1931) indicate that they 
probably spread out over the whole profundal zone during the period 
of the overturn 

Quantitative — The total quantity of the benthic population, 
whether considered at any particular depth within any one of the 
three zones, or over the lake floor as a whole, was found to vary 
greatly from one season of the year to another In the tables the last 
column, which gives the “ Total," reflects this great seasonal vari- 
ation in the density of the benthic fauna 

No spring records for any of these lakes have ever been published 
before, and the only records know n to the author are those presented 
in Table IX These data were secured on April 15 and 16, 1931, 
immediately after the ice broke up and just at the inception of the 
vernal overturn The benthic population within the subhttoral and 
profundal zones was much greater at that tune than it was during the 
following July, and was also greater than during August, 1933 
(lable VII) However, the benthic population found within the 
same zones of the same depression on November 5, 1933, was much 
more dense than it was even in the spring of 1931 Whether this is 
due to a difference between the productivity of the lake floor during 
1931 and that during 1933 or to losses suffered by the benthie fauna 
during the winter, is, of course, debatable The writer is of the 
opinion, however, that either cause might account for the difference, 
but that probably both of them were concerned 

That the productivity of the benthic zones varies from year to 
year is evident from a comparison of the data presented concerning 
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this depression for July 9, 1931, and for August 14, 1933 (lables VII 
and IX) Ibe 1933 data show that the bottom fauna was consider- 
ably more abundant in that year than in 1931 However, the records 
for the former year were taken more than a month later m the season 
than were those of the latter It must be admitted that the emergent 
forms began to appear as adults earlier in 1931 than they did in 1933, 
but even among the nonernergent types the total bottom population 
appears to have beon heavier in 1933 than it was two years earlier 

Quantitative seasonal variation of the bottom fauna in Lan- 
caster Lake is as evident as it is for Douglas Lake On November 4, 
1933 (Table VIII), the total number of organisms per square meter 
of lake bottom in Lancastc r I^ike was mui h greater throughout the 
sublittoral and profundal than it had been at the same depths on 
the preceding August 10 (lable VII) The number of Corethra 
larvae in particular had increased greatly by November, and likewise 
the Chironomus larvae were more numerous m the autumn than in 
the summer, while certain other forms were less abundant at the 
levels sampled However, it is the “total” column which again 
demonstrates most clearly this seasonal variation in the benthic 
fauna When this last column is compared in fables VII, VIII, and 
IX, it will be seen that in each of the two lakes there is a pronounced 
nse and fall in the total bottom population as the four limnological 
seasons of the year — vernal overturn, summer stagnation, autumnal 
overturn, and winter stagnation — follow each other in the manner 
typical of temperate-zone lakes of the second order 

Despite the fact that Vincent and Munro lakes are greatly differ- 
ent from Douglas and Lancaster in so many ways, they nevertheless 
manifest many points of similarity in the nature and behavior of their 
benthic faunas This fact is strikingly true in respect to quantitative 
variations of the bottom populations during the different seasons cf 
the year (Tables VII, VIII, and X) 

Depth distribution 

When the writer began an investigation of profundal bottom 
fauna in Douglas Lake, early in the summer of 1923, one of the first 
aims of that study was to determine whether or not the bottom 
population was either qualitatively or quantitatively uniform over 
the whole lake floor beneath the deeper w ater In order to ascertain 
the distribution of the benthio population samples were taken in 
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senes, usually beginning with a set where the water was deepest, 
followed by a second set somewhere up the slope where the water 
was one or two meters shallower, a third set still farther up the slope 
where the water was still shallower, and so on up the sloping sides 
of the lake basin until the littoral or subhttoral zone was reached, 
where the series w ere usually discontinued It was evident, after only 
a few such series had been taken, that at least in that lake the bottom 
fauna was neither qualitatively nor quantitatively evenly distributed 
over the bottom 

When, m June, 1926, tho present study was begun, three years of 
experience had demonstrated to the author that typically the benthic 
fauna was not evenly distributed in any lake yet studied By that 
time the early quantitative investigations on bottom fauna had 
appeared, and other workers were also finding and beginning to 
report a lack of uniformity in depth distribution of benthic popula- 
tions in some of the European and North American lakes It was 
Rkrnnn who really led the way into quantitative bottom-fauna 
ri search by his paper which he published in 1916 under the title, 
“Die Bodenfauna dee Vattern, quahtativ und quantitativ unter- 
sucht ” Muttkowski (1918) had reported on his studies of bottom 
fauna in the shallower waters of Lake Mcndota, and Juday (1922) 
carried on the work in that lake by investigating, quantitativ ely, the 
bottom fauna in its deeper watera Previously Baker (1916, 1918) 
had presented results of his studies on the mollusks and invertebrate 
fish food from the bottom of Oneida Lake, and in 1921 Richardson 
published the first of a senes of investigations dealing with small shore 
and bottom animals of the Illinois River and its connecting lakes 
And there were others, both in America and m Europe Adamstone 
and Harkness (1923) and Adamstone (1924) wrote concerning 
bottom fauna in Lake Nipigon With their work and with that of 
Schmassmann (1924) and Lundbeck (1926) depth distnbution began 
to be considered an important part of bottom-fauna studies, and 
data concerning this phase of benthic ecology came gradually to be 
presented and discussed as they are today 

The representative records presented in Tables VII-X indicate 
clearly certain facts concerning depth distribution of bottom fauna 
m these four lakes It is evident, for instance, that the benthic 
fauna is not uniformly distributed over the bottom from shore to the 
deepest water This has been found to be universally true for all 
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lakes studied, in all parts of the world, so far as the author is aware 
Tables \ II IX also show that each different kind of bottom animal 
has a depth distribution which frequently is unlike that of any other 
member of the association Different species within the same genus 
are often distributed differently with depth Furthermore, the same 
species is often distributed differently in different lakes An example 
of this phenomenon is to be found in the distribution of Chironomus 
larvae in South Fish-Tail depression, Douglas Lake, on August 14, 
1933, and m Lancaster I ake on August 10 of the same year In the 
samples from both lakes the chironoimd fauna on that date was 
largely composed of Chironomus planum ux L In Lancaster Lake 
these larvae exhibited an unusually uniform distribution down to 
6 meters, but at that depth ceased suddenly and none w r oro taken m 
deeper samples In contrast, larvae were found in South Fish-lail 
depression of Douglas Lake at all depths from 9 to 22 meters, and 
instead of showing a uniform distribution they increased in abun- 
dance with increase of depth down to 13 meters, but below that 
decreased steadily and rapidly with increasing depth, until at 22 
meters the density of population was the same as at 9 meters (Table 
VII) Other examples of the same kind of vanation in depth dis- 
tribution ran be found in these tables 

One feature concerning bottom-fauna depth distribution in the 
lakes which is irrefutably demonstrated by these data, but which is 
either ignored or doubted by some workers, is that the depth dis- 
tribution found at one time of the year cannot be assumed to be the 
distribution typical of that type of lake or even of that individual 
lake at all other times of the year This fact could be demonstrated 
for each group making up the benthic fauna, but it is especially clear 
when the total bottom population is considered Comparison of 
data contained in the last, i e “Total/’ column of Tables VII and 
VIII for each of the four lakes and of data in the same oolumn of 
Table IX for South Fish-Tail depression, Douglas Lake, will show 
this fact clearly Figures 50 and 51 are graphs depicting depth dis- 
tribution of the total bottom population in these four lakes in summer 
(Fig 50) and in Douglas and Lancaster lakes during the autumnal 
overturn (Fig 51) If the curves for these lakes in Figure 50 are com- 
pared with those for the same two lakes in Figure 51, it will be seen 
that distribution of the bottom animals had changed in several 
respects The number of animals per square meter of lake floor be- 
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Figs 47-50 In numerical sequence these figures indicate vertical variation of 
temperature In degrees Centigrade, of dissolved oxygen in cubic centimeters 
per liter, and of hydrogen ion concentration, and vertical distribution of 
bottom animals m hundreds per square meter in Douglas lake (D 1 ), Lan- 
caster Lake (L L ), Vincent Lake (V L ), and Munro Lake (M L >, in the 
summer of 1933 
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neath the deeper water was greater m the autumn than during the 
summer, but in shallow water the reverse was true, and autumnal 
populations were less dense than were those of summer further- 
more, the region of maximum abundance occurred at a deeper level 
m November in both lakes than it did during the preceding summer 
Concentration zone — In 1931 the writer pointed out the existence 
of a sone within which the benthic fauna was very much more abun- 


Bottom Animals m H undreds par Square Meier 

O a 4 6 0 to 14 18 44 48 JO 34 88 44 46 30 34 SO 64 68 70 34 T3 



FiO 51 Vertical distribution of bottom animals in hundreds per square meter, 
on November 4- 5 1 933, in Douglas Lake tfouth Fish Tad depression, and 
in Lancaster f ake 


dant than it was either above or below that region of the lake floor, 
called this part of the benthic habitat the “concentration zone”, 
and demonstrated that it shifts up and down the slope of the lake 
floor with the change of the scaRons Miyadi (1931, 1932, 1933) 
has found the same phenomena occurring in Japanese lakes Figure 51 
shows the existence of such a concentration zone in Lancaster Lake 
and likewise redemonst rates its existence in Douglas Lake at the same 
time It is very interesting to note the similarity between the 
Douglas Lake curve in this figure and the curve for depth distribu- 
tion of bottom fauna in the same region of that lake on October 20, 
1928 (Eggleton, 1931, Fig 55, p 275) Although the maximum 
number of organisms present is different and although the 1933 
curve shows a deeper distribution of the fauna on that date than on 
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October 20, 1928, the two curves are essentially alike in their im- 
portant features Even more pronounced is the similarity between 
the curve of November 4 5, 1933, for Lancaster Lake and that for 
Third Sister lake on November 8, 1927 (Eggleton, 1931, Pig 37, 
p 270) Evidently that sort of distribution is typical during that 
limnological season of the year m certain kinds of lakes 

No record of midwinter bottom-fauna depth distribution has 
ever been taken in any of these lakes But early in the spring of 1931 
sampling senes were taken by the author to determine the distribu- 
tion at that time m South Pish-Tail and Grapevine Point depressions 
of Douglas Lake The records for South Fish-Tail depression in 
Tables IX, VII, and VIII, when studied in that order, indicate that 
in Douglas Lake the concentration rone occurs in the lower profundal 
during late winter and early spring, occupies tho upper profundal 
and lower sublittoral during that part of the summer when stag- 
nation of the hypohmmon is most sev ere, and again shifts down into 
the profundal with the coming of the autumnal overturn The 
curves indicating depth distribution of total bottom population in 
Douglas and Lancaster lakes during the summer of 1933 (Pig 50) and 
on November 4-5, 1933 (Fig 51), also show the position of the con- 
centration zone in summer and the fact that it shifts down the slope 
with the onset of the autumnal overturn These curves hkewnse 
indicate the very considerable increase m the total number of benthic 
organisms on the lake floor as a whole 

Effect of physicochemical factors 

One of the most powerful sots of factors found to bo influencing 
the qualitative nature, the abundance, and the depth distribution of 
the benthic fauna in these lakes was that imposed by the physico- 
chemical nature of the water m the limnetic zone of the lake Figures 
47-50, indicate, in numerical order, the vertical variation of tempera- 
ture m degrees Centigrade, of dissolved oxygen m cubic centimeters 
per liter, and of hydrogen ion concentration, and the vertical distri- 
bution of bottom animals in hundreds per square meter in Douglas 
Lake (D L), Lancaster Lake (L L), Vincent Lake (V L), and 
Munro Lake (M L ), in the summer of 1933 These figures show 
that thermal stratification and chemical stagnation constitute a 
powerful set of factors 

Lundbeck (1926) appears to favor the hypothesis that tern- 
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perature is the controlling factor in distribution of the chironomid 
fauna Miyadi (1931a, pp 223-224) upholds the thesis that dissolved 
oxygen is the determining factor and states “ In general, chironomid 
and Corethra larvae are most numerous and most widely distributed 
after spawning and their active migration results in a typical distri- 
bution for each lake, probably determined for each species by the 
amount of dissolved oxygen Most of the bottom inhabitants 

seem to be indifferent to the temperature of the water, eg the 
larvae of Endochtronomus and Corethra are found in both alpine and 
baltic lakes Ihe 1 depth at which they live is determined by 
the oxygen content, and their migration is a response to the change 
of oxygen content of the water n 

The present writer is of the opinion that neither of these positions 
can be successfully defended against all available evidence from field 
and laboratory studies It has been demonstrated (Igglcton, 1931) 
that any one of several environmental factors can bo varied so far 
from the optimum for these benthic animals as to be lethal and 
that certain members of this benthic fauna can bt killed by pro- 
longed exposure to the most severe stagnation conditions within the 
lower profundal of the lakes themselves It appears doubtful, how- 
ever, whether within the range of variation normally to be expected 
m the natural habitats of these animals, any one factor could vary 
so far as to become lethal or cv cn so seriously unfavorable as to cause 
wholesale migration Rather, it seems that the more probable 
explanation of the oliserved facts is to be found in the combined effect 
of all factors operative in the environment Small changes n a 
certain factor are often more effective when accompanied by changes 
m other factors than are relatively large changes m one factor alone 
Also, some of these phyBi co-chemical variations may in certain 
instances be most effective in producing migration* of an organism 
through their effect upon the food supply of that organism The 
environment, even when so stable as that m the profundal benthic 
aone, is always complex And actually m nature each of these 
physico-chemical variations always takes place m the presence of all 
the other factors of the environment 

It seems certain, moreover, that the combined effect of these 
physico-chemical factors, w hen they vary to any considerable degree, 
is a powerful one in the ecology of the benthic fauna In Lancaster 
1 This word ooours m the original os "They ” 
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Lake, for instance, the character of the bottom does not change 
greatly between 2 and 4 meters, but the physico-chemical factors 
ofton do, as Figures 47-49 show The effect of these changes upon the 
quantitative distribution of bottom fauna is at once apparent from 
a study of Figure 50, which shows this fauna dropping from 7,300 
individuals per square meter at a depth of 2 meters to but a little 
over 1,000 per square meter at the 4-meter depth Table VII indi- 
cates in the last two columns, “All others” and “Total," the cor- 
respondingly great qualitative change within the same short depth 
range Thus in Lancaster Lake on August 10, 1933, there were 
6,585 animals per square meter of bottom at the 2-meter depth, which 
were recorded m the column for “All others " This category con- 
tained all animals present except Corethra, Chironomus, Protenthes, 
Tubificidae, and Sphaeriidae It was a heterogeneous group and 
contained representatives from sev eral phyla and from many orders 
of invertebrates At 3 meters this group had decreased to a total of 
308 individuals per square meter, and these were restricted to a very 
few orders, whereas at the 4-meter depth none of them were present, 
and the entire benthic fauna had changed to the typical profundal 
benthic types 

SUMMARY 

1 Representative data selected from a much larger number are 
presented concerning four northern Michigan lakes, Douglas, Lan- 
caster, Vincent, and Munro, all of which are m Cheboygan County 
The data deal with physiography and morphometry of the lakes, 
physico-chemical features of their waters, qualitative and quanti- 
tatne seasonal variations, depth distribution, the concentration 
zone, and relations to environmental factors of the benthic fauna 
An original hydrographic map of Lancaster Lake and a sketch map 
redrawn from an aenal photographic map of the Douglas Lake region 
are included The penod covered by the study was from June, 1926, 
to November, 1933 

2 Data from two Douglas Lake depressions are included m this 
paper, the majority being from South Fish-Tail depression This lake 
is the largest of the four studied , shows typical thermal stratification 
and chemical stagnation during the summer, and has a profundal 
benthic fauna composed of representatives of the genera Corethra, 
Chironomus, and Protenthes, and of the families Tubificidae and 
Sphaeriidae Spring, summer, and autumn records ate included 
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3 Munro is the second largest lake of the four, but is shallow, 
shows no thermal or chemical stratification, is intermediate m 
abundance of its bottom fauna, and, like Douglas Lake, is slightly 
alkaline 

4 Vincent, a small acid lake, is quite shallow, seldom shows any 
thermal stratification, has soft water which is low in dissolved sub* 
stances, and supports a bottom fauna in some respects different from 
those of the others, but in many ways surprisingly like those of the 
other three lakes 

5 Lancaster ranks second in depth and third m size It is the 
only one whose waters are noticeably colored, and it is remarkable 
for the abruptness of its thermal and chemical stratification and for 
the proximity of the thermochne to the surface In many respects 
its bottom population is like that of Douglas Lake, especially in the 
profundal zone, where the same typical benthic fauna is found 

6 The bottom population v aned qualitatively and quantitatively 
in each lake with the seasons of the year It also varied quantitatively 
withm the same lake from year to year 

7 Despite the great differences in size, shape, and nature of the 
basin and in the character of the water and of the bottom deposits, 
one of the most evident features of the bottom faunas of these 
lakes was their marked similarity, particularly in the deeper water 
Data to appear in later papers will show greater differences between 
their littoral faunas 

8 The bottom fauna was not evenly distributed ov er the floor m 
any of these lakes, but varied with depth, somewhat differently in 
each of the lakes, and very differently in the four limnological seasons 
of the year 

9 Some species of animals are distributed differently m the 
several lakes, one example of which is seen in the distnbution of 
Chtronomus plumosue L in Douglas and Lancaster lakes 

10 Data presented irrefutably demonstrate that the depth di$* 
tribution found in any particular lake at one time cannot always be 
assumed to be typical of that type of lake or ev en of that individual 
lake at all other times of the year 

11 It was redemonstrated (a) that a “ concentration zone” occurs 
in Douglas Lake, and it was shown (6) that this feature of depth 
distribution is also present in Lancaster Lake, and (c) that in both 
lakes it shifts up and down the slope of the lake floor with the change 
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of seasons It was found to be present in the lower profundal during 
early spring, in the upper profundal and lower subhttoral in summer, 
and in the lower profundal again during the autumnal overturn 
12 It is maintained by the author that the explanation of the 
observed facts of distribution is probably to be found not m the 
effect of any one environmental factor, but rather m the combined 
effect of all the factors operating together 

University or Michigan 


EXPLANATION OF TABLES III-X 

In the tables which show variation of physico-chemical factors temperatures 
are expressed in degrees Centigrade, depths in meters, dissolved oxygen In cubic 
centimeters per liter, free carbon dioxide in parte per million, methyl orange 
alkalinity ui parts per million of calcium carbonate, and conductivity in reciprocal 
megohms 

Abbreviations used m the tables are dk , alkalinity, B , bottom, c c per l , 
eubie centimeters per liter, Cent , Centigrade, Cond , specific conductance or 
conductivity, Ov P dep , Grapevine Point depression, M 0 , methyl orange, 
Aliw, Musculium, ns, not stratified, pH, hydrogen ion concentration, Pis, 
Pisidium, ppm, parts per million, 5 , surface, SF-T dep, South Fish-Tail 
depression, >Sph, Sphaerium, Temp, temperature, ULH, upper limit of 
the hypolimmon Other abbreviations used are too well known to need ex- 
planation 



TABLE III 

of Physico-chemical Factors ix Douglas, Vincext and Muxro Lakes 


Benthic Fauna of Michigan Lakes 


633 



74 59 30 128 i 3J 74 59 

7 3 59 3jQ ! 130 .. 38 7 4 55 



TABLE IV 

Comparison op Vertical Vabiatiov op Phtsico-chknicvl Factors in Douglas Lancaster, \ incent and Munbo Laki 
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TABLE V 

CoM P H tt ww of Vertical Variation or Physioochewcal Factors in Douglas, Lancaster, \ incslvt and Monro Lakes 







TABLE \I 

Summary op Seasonal \ ajhation op Physico-chemical Factors in Douglas, Lancaster, 
Vincent, and Munror Lares, 1926-33 





ttOfWajtfOQ 

ll«X WjI 9*\ n ni*no(j 


ja^uoo 

aj^vq lofnou^j 


November 



















TABLE VI (Continued) 





»UBOUtA 


oJunjAj 


August 3 24 5>n&.]23 4 n r ns. 85! ns S3 60 n« 
November 4 3 6 < n s. | 3 6 ns | n s 78 l &s|78$sjna 
















Depth Distribution or Bottom Fauna in Douglas, Lancaster, \ incent, and Munbo Lakes 



Huh oUke 












TVBLE VIII 

Depth Distribution op Bottom Fauna in Douglas, Lancaster A in cent and Muneo Lakes 
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A LOCAL STUDY OF THE OPISTHOGLYPI1 
SNAKE TAN TULA GRACILIS BAIRD 
AND GIRARD* 

EDITH R FORCE 

T HE little brown snake, Tantilla granhs Baird & Girard, has been 
called tantilla (PI XCIX, Iig 1), graceful tantilla, slender, 
black-headed or miter snake, and sand snake Although it is an 
opisthoglyph, it may bo regarded as harmless to man, for its fangs 
are very small and posterior in position, it never offers to bite wh(n 
handled, and nothing seems to be known of its poison 

It ranges from “Central Missouri and eastern Kansas, south 
through Arkansas, Oklahoma, and lexas" (2) In Oklahoma it is 
apparently restricted to the eastern and southern part of the state 
It has been taken in Carter County (7), in the Sandstone Hills region, 
in Lo I lore County, in the southeastern Frame Plains region, and 
in Okmulgee (14), (’reek (7), and lulsa (11, 14) counties bordering 
the Praine Plains region and the northeastern Sandstone Hills 
region (12) 

Although commonly thought of as rare, this tantilla is frequently 
found m Tulsa County Its supposed rarity and the almost complete 
lack of information about its habits have prompted the present study 
of it 

The work is based principally on collections made by the writer 
and her students 1 in northeastern Oklahoma from September, 1926, 
to June, 1932 In this period 499 specimens were secured, of which 
289 were males, 200 females, and 10 immature or of undetermined 

* Contribution from the Biological Station of the University of Michigan 
and from the Woodrow Wilson Junior High School, Tulsa, Oklahoma 

1 Generous assistants in provision of local specimens was received from 
Mr G E Tenney and his students from Mrs A E Gilmore and Isabelle Borders, 
and from L M Klaubcr who loaned & collection from Tulsa * acilities were 
provided through the courtly of the Board of Education of the city of Tulsa, 
Oklahoma The work was suggested by Dr F N Blanchard of the University 
of Michigan and was furthered by him at many points in its progress 

m 
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sex In addition, the writer ha* examined 117 specimens, kindly 
furnished by Byron C Marshall and R M Perkms, from Lawrence 
and Pulaski counties, Arkansas Eighty-six specimens from Crowley 
County, Kansas, were loaned by Dr Charles E Burt Since the 
specimens received from Arkansas were found under similar con- 
ditions and showed the same variations as those from northeastern 
Oklahoma, they arc considered with the Oklahoma specimens Those 
from Kansas are discussed separately, except as otherwise stated 

The general habitat of TanttUa gracilis is of a wooded, rocky 
nature In Tulsa County and vicinity it has been procured from 
many local areas such as Lost City Mountain, Bald Hill, Parthema 
Park, Shell Creek, Osage Hills, and Concharty Mountain fhe 
snakes collected in both Oklahoma and Arkansas have been found, 
without exception, singly and m two’s in the moist soil under lime- 
stone rocks, along creek banks, on wooded slopes, or along sandy 
roadsides The size of the rocks seems immaterial, if the sod under- 
neath is not dry The writer has never found a tantilla in the open 
This may be due to its burrowing habits and preference for the dark, 
or perhaps to its diminutive size and inconspicuous coloration 

This secretive little snake has seldom been mentioned in herpeto- 
logical literature except in local lists Cope (9) gave a description 
and a few localities in 1900 A figure of this species was published by 
Ditmars (10) in 1907 Four years later Hurler (13) stated that it 
was “common m the Ozark Plateau in Jefferson County,” but re- 
corded it only once from St Louis, Missouri 1 He mentioned that 
it was found mostly under rocks with southwestern exposure In 
1926 Strecker (16) gave a short account of his personal collections m 
Texas and Missouri, dating back to 1893 He found snakes in rocky 
localities, along the crests of limestone oreok beds, under rocks em- 
bedded in earth on the sides of the road, under rotted logs along the 
steep bank of a creek, and under fallen branches on an oak fiat at an 
elevation of a trifle under 400 feet Of three others he said “These 
were collected in the morning after a heavy rain had driven them 
from their burrows and they were temporarily housed under great 
sheets of tar paper ” Burt (6) remarks of specimens found in Riley 
County, Kansas “These sand-snakes are often found under hillside 
rocks in the loose soil and are very abundant in the spring months ” 

* Mr R M Perkins stated to the writer in June, 1932, that occasionally one 
or two are found in the vicinity of St Louis 
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Again, in references to collections from the western half of the United 
States, he has reported “two sand-snakes on a flat, elevated, grassy 
plain under rocks in the vicinity of Little Bear Mound at Neodesha, 
Wilson County, Kansas" (8) They were in the dampest situation 
possible, specimens were not found under rocks where the soil was 
very dry Perkins (15), reporting on collections made near Little 
Rock, Arkansas, in April, 1928, states “lantillas were \cry numer- 
ous after ram on the rocky ridge with southern exposure ” None 
were found in the open 

Mr Marshall, in correspondence regarding Tantilla gractlu in 
Arkansas (Nov 4, 1929), agreed with these findings He also said 
“The majority of individuals are taken after the rains in Apnl and 
May Only a few are found in March and June, practically none m 
July, August, or September, but occasionally a few may be taken m 
October or early November if it is rainy during this season ” The 
investigations of the wnter confirm these findings for northeastern 
Oklahoma 

When the rocks are turned the tantillas quickly slip into the loose, 
sandy soil If retrieved, they hide in the palm of the hand and burrow 
between the fingers with a remarkably strong movement of the head 
They make no attempt to open the mouth In captiv lty they usually 
remain hidden, day and night, under the water pan, rock, or board, 
in rotted wood, or sawdust When a light is suddenly flashed into 
the cage at night, although sometimes they may be found drinking, 
they hastily glide away 

The food habits of the tantillas would place this species m the 
class of economically helpful snakes Hurter (13) has said that they 
feed upon insects Strecker (16) has stated that “while their fotxl 
consists mostly of insects they do not disdain sowbugs nor an oc- 
casional young specimen of a native slug " Blanchard has stated in 
& letter that one specimen sent him by the writer, May 31, 1926, ate 
a scarabaetd beetle larva In captivity the tantillas were observed 
by the writer eating small centipedes, small wireworms, and soft- 
bodied larvae of the Tenebnomdae (the darkling beetles) and Pyro- 
chroidao, both kinds of which are found in rotted logs Once a small 
earthworm was taken Millipedes, spiders, sowbugs, slugs, such in- 
sects as large wireworms, ants, small adult beetles, and other small 
forms found in insect sweepings were offered, but are not known to 
have been eaten 
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The stomach contents* of 73 specimens were examined Although 
in 10 of these the remains were digested beyond recognition, it is safe 
to say that enough undigested material was available from the others 
to establish beyond a doubt the character of the foo<l Dr H B 
Hungerford, who kindly made the identifications, states that “normal 
food of the TantxUa gracilis is apparently centipedes and earth-dwell- 
ing Insect lar\ae such as cutworms, wireworms, and leatherjacketR 
(larvae of the Tipuhdae or crane-flies) ” In addition, certain fungus 
grubs, larvae of the Mycetophihdae, were in the stomach contents of 
the young Very frequently undigested nematodes were among the 
digested remains These have been identified, through the courtesy 
of Dr Lyell J Thomas, as Oxyundae of beetles and centipedes 
There is apparently no record of the mating habits of these 
snakes Marshall surmises that, since they are so evident in the 
rocky hillsides in April and May, “they must breed early in the 
spring, however, this is a guess and not substantiated by any 
personal observation or evidence 99 Mr Marshall's surmise may 
be correct, or the snakes may be abo\e ground merely because it is 
too wet for life below at this season Or it may be that one of their 
favorite foods, the meadow maggot or leatherjacket, which is known 
to come to the surface of the ground during the night, is the cause 
Observations made by the writer on the size of the gonads of tantillas 
collected in practically every week from the middle of February until 
the first of June indicate May as the time of mating 

The males of mature size, 1 e 174 mm or longer, collected in 
Oklahoma between May 1 and June 1, had well developed testes, 
5 to 9 mm long F,arher in the spring they are much smaller 
Females collected before May 1 had ova 0 5 to 5 0 mm in length 
Those collected on May 20 showed ova 5, 7, 9, and 21 mm in length 
as well as others of microscopic size No mature female (ie over 
190 mm ) collected before May 10 had deposited eggs, whereas six 
females of this size collected on May 20, 24, and 28 had laid These 
data, together with the information previously noted concerning the 
time of greatest activity of both male and female in the field, make 
it seem probable that the first half of May may be the usual time of 
mating It is an interesting fact, possibly related in some way to 
mating activities, that m March and May from two to three times 
as many males as females are found, whereas in April the females are 
twice as numerous as the males 
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Loral Study of InntiUa gtardn 049 

Several years ago this spines w is judged b\ Strukei MO) to be 
oviparous, beuiuse he found in Sin Antonio, lexis, thne small 
reptilian eggs under the name rock with a tantilli rhe eggs were 
crushed in th( turning of the stone, so that they could not lx hatched 
for identification Proof of the ouparity w is furnished by the writer 
in 1928 hinci then dissection of 265 f( miles, 10 of which had laid 
tggs, has shown that the most common numbers in a set arc 2 and 3 
Complements of 1 and 1 have been noted in some casts Imposition 



Length in millimeters 

Flo 52 Dimensions of of lantillii granh •« Band & ( irnrd laid oi ready 
for deposition inch dot represent* one igg 

of the eggs has not been seen, the eggs ha\ i always bt on disco \ ered in 
the morning m the moist cst pari of the cage, e\en in the water pan 
The eggs are laid from the middle of June to about the middle of 
July June H is the earliest date noted for a set of normal eggs of 
females collected in Oklahoma Other dates recorded are June 18, 
19, 22, 25, and 26 M irshall, however, reported (Nov 4, 1929) a 
sot laid on Tul> 9 One set of abnormal eggs was laid on July 8 and 
11 These records of egg-lay ing are all from females collected after 
May 20 In seven females collected between July 1 and 3, 1928, the 
anterior oviduct looked as if eggs had lecently been deposited 

Ihe variation m dimensions of the eggs when laid, given in an 
earlier study (li) as fiom 15 to 24 mm in length and from 4 2 to 6 5 
mm in width, has been t x tended by further measurements to from 
13 to 26 mm in length and from 4 2 to 9 nun in width (PI XC IX, 
Fig 2, text Fig 52) 

The date of hatching has been obtained for a few eggs laid by 
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females that had been transported to northern Michigan Such 
eggs, kept m the laboratory, surrounded by damp, rotted wood, 
hatched September 17 (19 $0) and September 7 and 14 (1932) The 
lengths of the periods from laying to hatching were 83 and 84 days 
If, as is likely, the eggs are laid earlier under natural conditions, the 
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Fta £3 Total lengths of males and females of TanitUa gracUu Baird & Girard 
The lengths of females observed to lay eggs or to contain eggs ready for de- 
position are represented by black dots 

hatching time in Oklahoma is probably earlier than September 1 
Furthermore, Oklahoma’s warmer climate as compared with northern 
Michigan should hasten the hatching 

The young snakes emerged from the eggs in about one day 
after slitting the shell (in the two instances observed) Two young, 
measured at birth, were 77 5 and 92 0 ram, in total length 1 

* Thanks arc due to Dr Blanchard, who cared for these eggs after August 20 
and furnished this report 
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Size in this species seems to be limited to a maximum of about 
230 mm and a minimum of about 77 mm Two hundred and ten 
females varied from 90 to 230 mm and 324 males from 85 to 205 mm 
(Fig 53) The females thus attain a definitely larger size than the 
males When the lengths of all these specimens are plotted m a 
diagram each sex is seen to be composed of two groups The smaller 
group of younger individuals is ob\ lously composed of those hatched 
in the preceding season The large group, containing the longest in- 
dividuals, includes the adults, but not all in this group are adult The 
size for adult females ranges from 190 to 230 mm (See l*ig 53 ) 

It is perhaps questionable whether it is profitable to attempt to 
locate age groups between the yearlings and the adults, but dis- 
sections of females of all sizes seuned to furnish evidence on this 
point In females from 90 to 125 mm in total length the o\a were 
of microscopic size This is the yearling group In females from 
about 125 to 155 mm there was a noticeable development of the 
ova in size, color, and form The ov a measured 1 to 2 mm in length 
and were creamy white, firm, and elongated Kggs from snakes of 
approximately 185 mm are of two sizes, or e\cn three in larger 
specimens (adults) They vary m lc ngth from 0 1 to 4 0 mm and in 
width from 0 l to 2 0 mm There are 8 to 16 eggs in each ovary 
Females longer than 185 mm have reached maturity, to judge from 
the appearance and size of the ova (Table 1) 


TABLE I 


Relation ok Tqtai Lknoth to Sbxual Maturity in 178 Fkmaubs 


Age-groups 

Juvsnilei 

Young 


Adults 


Lengths in mm 


Remarks 


85-125 

125-185 

(125-145) 

(145-155) 

(155-185) 


185*230 


Probably bom in August, collected the fol- 
lowing spring Ova microscopic 
Probably about one to one and one-half years 
of age 

Ova \ arable In size 

Ova 1-2 ram , white to creamy, flabby, round 
Ova 2 "4 mm in length by 01-20 mm in 
width, becoming Ann and elongate Some 
individuals may be mature 
Probably one and one-half to two and one- 
half years of age An occasional one con- 
tained egg clusters for deposition the next 
year Eggs mature at 191, 195, 190, 198, 
205, 210, 215 (3), 227, 230 mm 
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Dissection of the males reveals a similar relationship between 
size and appearance of the gonads and length and maturity of the 
snake Fresh specimens showed a marked difference m the size and 
appearance of the testes m the smaller and larger males In those 
from 155 to 175 mm in length there was a gradual change from a 
flabby, white immature organ to a firm, elongate, yellowish, ap- 
parently mature testis Although probably only the largest of this 
group were of reproductive size and age, those of 185 mm and over 
were beyond a doubt adults (Table II) 

TABLE II 

Reiation of Total Jength to Sexual Maturity in 245 Mates 


Age-groups 

I engtbs in mm 

Remarks 

Juveniles 

85-125 

Probably born in August , collected the fol- 
lowing spimg Testes immature 

Young 

126-175 

Probably about one to one and ono-half years 
of age 


(125-155) 

Testes becoming mature 


(155 175) 

Testes 4 5-0 5 mm 

Adults 

175* 205 

Probably one and one half to two and one- 
half years of age 


(175 185) 

Some snakes mature 


(185-205) 

All mature Testes about 4-8 mm in length 

A clearer 

definition of the age-groups may be obtained from a 


single collection of 59 individuals found between April 1 and 15, 1932 
The total lengths of all individuals with complete tails, 53 in number 
(31 males and 22 females), ranged from 90 to 205 mm There are 
two well-defined groups, juveniles and adults, with an intermediate 
group of less definite range It would appear that the smallest in- 
dividuals, those from 95 to 125 mm , were the young of the previous 
season, and that 115 mm is their average length They are in their 
first full season of growth These may be called the yearlings 
The individuals of greater size, presumably more nearly mature, 
ranging from 135 to 175 mm , may be in their second year These 
are approaching maturity and are possibly in the beginning of their 
third season of growth Full maturity is likely to be reached m their 
fourth season, at 185 to 195 mm In other words, these snakes are 
apparently of a size and age to deposit eggs when about two and 
one-half years old It thus appears that both sexes mature at ap- 
proximately the same age, the males at a length of about 175 mm , 
and the females at 185 mm 
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“In its coloration, Tanltlla gracilis is rather variable/' says 
Strecker (16) “Of specimens collected in the northern part of its 
territory the upper surfaces are either reddish or plumbeous, of 
those from northeastern Texas they are brown, while of those from 
Waco and south of San Antonio, they are golden-brown There is 
alao considerable variation in the amount of ret! on the lower surfaces 
and In the color of the head plates ” Specimens from northeastern 
Oklahoma seem best to match Strecker’a specimens from north- 
eastern Texas The five hundred examples examined by the writer 
conform closely, except in degree of color, with the description 
previously given, gray-brown to a nch red-brown, with the head 
a little darker, below, varying shades of salmon pink, except under 
the chin and the anterior end of the body and the ends of the ventrals, 
which are white (11) In alcoholic specimens, in which the pmk color 
has been destroyed, there is frequently obsor\ ed pigmentation on the 
lateral edges of the anterior half of the ventrals This does not show 
so plainly when the color is visible 

The squamation is apparently uniform in this species There are 
16 smooth scales the entire length of the body In 616 specimens only 
a very few, i e 12 females and 28 males, show variation from the 
formula of 6 supralabials and 6 infralabials (Table III) The oculars 

TABLE III 

Nurmes and Kinds or Variations from the Usuaj Arrangement 
or Labial Scutes (6 Above and 6 Below) 



Supralabials 

Number 

Number 


of males 

of females 

6 left and 6 right 

6 

4 

5 left and 6 right 

10 

0 

7 left and 6 right 

2 

1 

7 left and 8 right 

0 

1 

Total 

18 

6 


Infralabials 

Number 

Number 


of males 

of females 

6 left and 6 right 

3 

6 

5 left and 6 right 

6 

0 

7 left and 6 right 

1 

0 

Total 

10 

6 
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in the Oklahoma specimens proved to be invariably one before the 
eye and one behind Two females from Arkansas, however, showed 
these arrangements 2 1 left, 2-2 right, and 1-1 left, 2-1 nght 
The temporals are uniformly 1 anterior and 1 posterior There is 
no loreal The anal plate is always divided 

The proportionate length of the tail, i e the tail length divided 
by the total length, is different in the two sexes, as is usual in snakes 
(Table IV) In the males the tail vanes from 16 to 30 per cent of 
the total length, and m the females from 14 to 27 per cent Thus the 
range for the species as represented by the Oklahoma and Arkansas 
specimens is from 14 to 30 per cent But the difference between 
the sexes is really larger than these figures show, for in the great 
majority of the males examined the tail is more than 20 per cent of 
the total length, and m all but three of the females it is less than 
25 per cent Data of all specimens examined are summarised in 
Table IV 

TABLE IV 

I BNflTH Of THE TAIL IN PROPORTION TO TOTAL LENGTH 


131-14 0 

0 

1 

14.1-15 0 

0 

1 

151-160 

1 

0 

16 1-17 0 

4 

5 

17 1-180 

2 

5 

18 1-19 0 

5 

21 

19 1-200 

2 

35 

20 1-21 0 

14 

88 

21 1-22 0 

33 

46 

221-280 

43 

19 

281-240 

87 

10 

24 1-250 

67 

1 

25 1-26 0 

87 

1 

26 1-27 0 

17 

1 

271-28 0 

4 

0 

281-29 0 

2 

0 

291-800 

2 

0 

Total 

820 

184 


The caudals vary in the females from 36 to 48, and in the males 
from 44 to 57 (Fig 54) The ventrals range in the females from 126 
to 138 and in the males from 115 to 127 (Fig 55) It will be noted 
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that the overlap between the saxes in the counts of caudal s and 
ventrals is small, in the first case it imolves only fhose with 46 to 
48 caudals, m the other it involves only those with 126 and 127 
ventrals 



»t>V»l*B 0/ «4Vin MHII 

Fio 64 Numbers of caudal acutes m females and males of Tantilla gracilis 
Baird A Girard 

We may take advantage of the difference between the sexes m 
the counts of ventrals and caudals to determine the sex of a speci* 
men from scale counts alone If the number of caudals is subtracted 
from the number of \entrals, the differences between the sexes are 
accentuated The reason for this is that in the males the higher 
number of caudals is subtracted from the lower number of ventrals, 
whereas in the females the smaller number of caudals is subtracted 
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tio 55 Number* of ventral scutes in male* and females of TanttUa gracth* 
Baird 4 Girard 

from the larger number of venfcrale If we designate this computation 
as v-c, 4 and apply it to this species, it appears that a specimen in 
which v-c w less than 80 is a male and that one which is 82 or more 
is a female (Fig 56) 

It is evident that sex in TarUtlla gracilis may be determined with 

4 This method of combining the ventral and caudal counts for determination 
of sex is taken from Dr F N Blanchard's study of the genus Dtadopkta (tn 
manusmpt) 
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considerable assurance of accuracy from the caudal and ventral 
counts alone, when the tad is complete at the tip (ligs 54-55) 
When the tail is incomplete, the \ entrah alone will in a great majority 
of cases be sufficient 

It is of interest to note that in total length, proportionate length 
of tail, ventrals, caudals, and ventrals nanus caudal s the 86 speci- 
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Fro 56 Relation of the differences between ventrals and eaudals (v-c) 
of males and females in TarUtlla graedu Baird A Girard 

mens from Cowley County, Kansas, show no variation beyond the 
limits of the Oklahoma and Arkansas material The result of plotting 
the Kansas specimens on the basis of ventrals minus caudals is to 
divide it into two groups, one in which v-c is 68 to 78 and the other 
m which it is 83 to 93 That this correctly distinguishes the seves 
of these specimens is wholly probable 

SUMMARY 

Tanttlla gractlu is a common snake in the wooded, rocky country 
of northeastern Oklahoma It has been relatively little collected, 
owing to its diminutive size and secretive habits Specimens are 
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most often and easily collected after the spring rains, usually in 
April and May 

The food of this species has been shown to comprise centipedes 
and earth-dwelling insect larvae, such as cutworms, wireworms, and 
crane-fly larvae Fungus grubs (larvae of the Mycetophilidae) 
were found in the stomachs of the young snakes 

The first half of May is indicated as the probable mating season 
Eggs, one to four to a complement, have been deposited in June 
and early July, in the laboratory They vary from 13 to 36 mm m 
length and from 4 to 6 5 mm in width 

Eggs kept m the laboratory have hatched on September 7, 14, 
and 17 

The total length vanes in this species from 85 to 230 mm The 
females grow to a distinctly larger sise than the males 

Some evidence is presented favoring the view that sexual ma- 
tunty is attained about two and one-half years after birth 

The sexes may generally be separated on the counts of ventral 
and caudal scutes, and may always be when the number of caudals 
is subtracted from the number of ventrals Thus all examples in 
which this figure is less than 80 proved to be males, and all those in 
which it is more than 81, females 

The details of soutellation, proportion, and color are given 

Woodrow Wilson Junior High School 
Tulsa, Oklahoma 


LITERATURE 

t Bishop, Sherman, C 1026 Notes on the Habits and Development of the 
Mudpuppy Necturu* macuiotu* (Rafinesque) Boll New York State 
Mufl , No 268 

2 Blanchard, Frank N 1925 A Key to the Snakes of the United State*, 

Canada and Lower California Pap Mioh Acad Sol , Arte and Letters, 
4, Part II, 1*65 

3 1030 Further Studies on the Eggs and Young of the Eastern Ring- 

Neck Snake, Dtadophu pundalu* edvnrdsH Bull Antlvenin Inst Am , 
4 <1) 4-10 

4 - — , ip3i Secondary Sex Characters of Certain Snakes Ibid , pp 05*104 

fi and Bi an chard, Frieda Cork. 1931 8i*« Groups and Their Charae- 

terlitics in the Salamander Nmtdadyhum tcvl&tum (Schlegel) Am. 
Nat ,65 149-168. 



659 


Local Study of Tantilla gracilis 

0 Burt, Charles E 1927 An Annotated 1 tst of the Amphibians and Rep- 
tiles of Raley County, Kansas Occaa Pap Mus ZoOl , Umv Mich , 
No 189 1-9 

7 — — and Burt, May Danhkw 1929 A Collection of Amphibians and 
Reptiles from the Mississippi Valley , with Field Observations Am 
Mus Novit , No 381 1 14 

g 192 ft Field notes and locality Records on a Collection of 

Amphibians and Reptiles, Chiefly from the Western Half of the United 
States Joum Washington Acad Sci 19 428-434, 448-400 

9 Cope, E D 1900 1 he Crocodilian#, Lizards and Snakes of North America 
Rep U 9 Nat Mus for 1898, pp 153- 1294 

10 Ditmars, Raymond L 1907 Ihe Reptile Book Doubleday, Page and 

Co , New York 

11 Force, Edith R 1930 The Amphibians and Reptiles of Tulsa County, 

Oklahoma and Vicinity Copeia, No 2 25-39 

12 Gould, Charles N 1927 Physiographic Regions of Oklahoma Okla- 

homa Gcol Surv Norman, Okla 

13 HtmTBR, Julius 19U Herpetology of Missouri Trans St Louis Acad 

Sci , 20(5) 59-274 

14 Orteksuroek, A I 1926 A Report on the Amphibians and Reptiles of 

Oklahoma, Proc Oklahoma Acad Sci , 0, Part I, 89-100 

15 Perkins, R Marlin 1928 Collecting Reptiles near Little Rock, Arkansas 

Bull Antlvenin Inst Am , 2 (2) 47-^50 

10 Stmdcksb, John K 1926 On the Habits of Some Southern Snakes 
Contnb Baylor Umv Mus , No 4 5-0 




SOME ABERRANT COLOR PATTERNS IN 
SNAKES* 


HOWARD K OLOYD 

AMONG the various live snakes received from correspondents 
during the past two years certain specimens of Elaphe , Tham - 
nophis , and Crotalus exhibit unusual aberrations in pattern and 
general coloration which do not appear to be mentioned in the litera- 
ture Descriptions of these peculiarities have boon prepared, seriatim, 
because of their general interest as well as for the benefit of future 
students who will have access to the specimens, but to whom the 
original colorations would not otherwise be available Ihe most 
salient deviations from the normal conditions are emphasized by the 
use of italics 

Elaphe laeta (Baird and Girard) 

Two specimens of the spotted rat snake (H K G 3002, 9 , 3003, 
cf ) 1 from San Antonio, Texas, show departure from the normal 
pattern of the subquadrate blotches on a umcolored ground (PI C 
Fig 1) in having the blotches of the dorsal senes either partially or 
entirely divided along the middorsal line, often forming H-shaped 
figures, and the ground color darkened between the lateral halves of the 
divided blotches , producing the general effect of two longitudinal stripes 
(PI C, Fig 2) Anteriorly the divided spots become confluent 
The blotches of the lateral senes, which normally alternate with the 
dorsal, are irregularly broken up and also tend to run together A 
condition of longitudinal stnpmg involving both ground color and 
blotch pattern is thus approached 

This species is one of the forms of Elaphe which have no well- 
marked ontogenetio change in coloration The ground color and the 
pattern of the adult are the same as those of the young The two 

* Contribution from the Zoological I aboratory of the University of Michigan 
1 Catalog numbers with the Initials H K G refer to the personal collection 
of the writer All such specimen*, however, are to become the property of the 
Museum of Zoology, University of Michigan 
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aberrant specimens here described are apparently mature but not 
unusually large individuals In the snake pens of Texas reptile 
dealers l have seen numerous examples of this species, much larger 
than those m question, and have noted no tendency toward striping 
in presumably much older specimens There is no apparent indica- 
tion that in this species a pattern of stripes is related to age, nor is it 
suggested that the condition is prevalent in the Texas region 

In contrast to this is the development of the adult coloration in 
Elaphe quadrunttata (Holbrook), the four-lined " chicken snake ” of 
southeastern United States In young individuals of this species the 
ground color is a uniform gray, upon which is superunposed a pattern 
of grayish brown blotches These become progressively obsolete 
with age, and the adult pattern of four brown longitudinal stripes is 
acquired by a gradual darkening of the ground color (PI Cl, Fig I) 

I have observed indications of a similar ontogenetic change in colora- 
tion in certain specimens of Elaphe obsoleta obsolete (Say), the pilot 
blacksnakc, and Elaphe guttata (Linnaeus), the corn snake Blan- 
chard (1921, pp 118-119, Fig 40) has described and figured a similar 
phenomenon in one of the king snakes, Lampropeltis calhgaster 
(Harlan) It seems, therefore, that the ground color and the pattern 
in such species are controlled by two independent sets of genetic 
factors, and that m the genus Elaphe a pattern of longitudinal stnpes 
w to be regarded as a recent specialization, secondary in nature, 
showing up mcipiently in laeta, obsolete, and guttata, and reaching its 
highest degree of development m quadrunttata 

Tharnnophis saurUus proxmus (Say) 

A nbbon snake collected near Floreaville, Texas (H K G 3486, 
& , PI Cl, Fig 2) is remarkable in the possession of a brilliant red 
middorsal stnpe instead of the usual yellow or greenish yellow and the 
presence of a conspicuous orange line an the midveniral surface of 
the tail A color description of the entire specimen follows dorsal 
ground color "olivaceous black", * top of head similar but muzzle 
lighter with slightly more green, occipital spots "pale viridine 
yellow", anterior tip of middorsal stnpe "light green-yellow," re- 
mainder of stripe "Morocco red", lateral stripes "light green-yel- 

1 Color names in quotation marks are those of Robert Ridgway, Color 
Standards and Color Nomenclature Published by the author, Washington, 1912. 
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low”, ground color of scale rows 1 and 2 “olivo-groen”, ventral 
surface anteriorly cream, changing posteriorly to “pale green-yel- 
low”, rostral, mental, and anterior labials “light buff”, remainder 
of Bupralabials “green-yellow”, remainder of infralabials, chin 
shields, and gulars white, a conspicuous, finely stippled, median line 
of “orange chrome” on the ventral side of tail, from anus to tip 

It is quite possible that red-stnpod individuals are more numerous 
than published descriptions indicate The various tones of rod fade 
rapidly in formalin and alcohol, and descriptions based largely upon 
preserved material would be unlikely to include this variation 
Ruthven’s mention of a “rarely reddish, occasionally brown” dorsal 
stripe in this form (1908, p 98) may refer to such specimens 

Crotalus confiuentus confluentus (Say) 

Nearly twenty-five hundred praine rattlesnakes wero captured in 
central South Dakota by Mr A M Jackley of Pierre during the 
seasons of 1932 and 1933 All specimens of unusual coloration, to- 
gether with several hundred others, were sent to me In the normal 
coloration of this species in the northern portion of the Great Plains 
Region the ground color vanes from pale brownish gray to greenish 
gray or grayish green There is a distinct pattern of brownish gray 
or greenish gray blotches (PI C II, Jig 1) The degree of contrast 
between the ground color and the pattern of blotches vanes some- 
what The proximal crossbands of the tail are of the same color as 
the blotches of the body, but the distal ones are darker and the two 
or three immediately preceding the raUie are black The top and 
the sides of the head are usually prominently marked 

One of the aberrant specimens (H K G 3512, V , PI CII, 
Fig 2) collected in Stanley County, South Dakota, four miles north- 
west of Van Meter, conspicuously lacks certain features in pigmenta- 
tion^ The green element tn the general coloration is entirely wanting, 
and the brawn pigment of the blotches is much reduced The dorsal 
ground color is pale gray, the ventral surface white The blotches 
of the dorsal senes are pale grayish brown, irregular m form, and 
lack the usual more or less distinct borders The lateral blotches 
are similar in color, but even less distinct The ventral surface is 
laterally flecked with light gray 

There is no trace of head pattern The pigmentation of the iris is 
apparently normal The longue, however, instead of being jet blaok 
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as is characteristic with this species, ts bright pink with white tips 
The proximal tail rings have completely disappeared and the terminal 
nags are blended together forming t vnlh the basal segment of the rattle, a 
conspicuous black tip The ventro-lateral portion of the tail in the region 
of the anus is suffused with pale orange 

The onlj peculiarity m lepidoms is the irregularity of the scales of 
the muzzle The mtcrnasala, usually in contact with the rostral, are 
separated from it by six small scales (PI C1I, Fig 2) The loft side 
has two loreals, the right, one Total length 500 mm , tail length 
30 mm , scale rows 27 27-19, ventrals 180, caudals 20, suprala- 
bials Ifr 15, mfralabials 15-15 

A very similar specimen collected near Gem, Thomas County, 
Kansas (No 6549, o’), in the private collection of Mr L M Klau- 
ber, has been examined and compared with the one just described 
In coloration it much resembles the South Dakota specimen except 
that the dorsal blotches are more distinct, there is a suggestion of 
a head pattern, and the tip of the tongue is black No trace of 
orange is visible in the preserved specimen, but Mr Klauber stated 
that when fresh a tinge of that color was noticed near some of the 
blotches The scutellation of the head is much more symmetrical 
than that of the other, and the four internasals are in direct contact 
with the rostral Total length 745 mm , tail length 57 mm , scale 
rows 27-27 21, ventrals 180, caudals 30, eupralabials 16-16, mfra- 
labials 16-17, loreals 1-1 

A few other examples from Sully County, South Dakota, show 
certain tendencies toward a similar condition One (H K G 3737, 
9 ) has little or no green in its coloration, although the blotched 
pattern is distinct The head markings are obscure, the proximal tail 
bands indistinct, and the distal ones fused into a conspicuous black 
tip The tongue is black, but spotted with pink Three others 
(H K G 3384, 9 , 3738, 9 , 3739, 9 ) have more or less typical 
coloration, but black tongues with pink tips Another (H K G 
3740, <?) with normal coloration has the tongue alternately blotched 
with black and pink 

These specimens, it seems, must be regarded as exhibiting tend- 
encies toward albinism That complete albinism has not occurred 
m those m which the peculiarities described are most manifest is 
indicated by the fact that the eyes show almost normal pigmenta- 
tion An impairment or loss of the genetic factors for certain features 
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of coloration, particularly the greens of the skin pigments, appears 
to have occurred 

Although instances of seemingly true albinism in rattlesnakes have 
been reported, 1 * 3 I know of no records of such occurrences m Croialus 
confluentus confluentus (Say) I have observed tendencies toward 
flavescence in specimens from New Mexico and have been told of 
two cases of melanism in this species Mr W A Bevan of the 
Witte Memorial Museum, San Antonio, lexas, related having seen 
a specimen taken in the foothills of the mountains southwest of 
Fort Collins, C olorado, and Dr L C O’Roko, assistant professor of 
Forest Zoology , University of Michigan, described a very similar 
specimen which he saw m the Black Hills region near Hpearfish, 
South Dakota In both these snakes, according to my informants, 
there was sufficient black pigment to obscure the pattern almost 
completely 

Another prairie rattlesnake obtained by Mi Jackley m Stanley 
County, South Dakota, twelve miles west of bort Pierre (H K 0 
4174, <?) exhibits an aberration in which the pattern consist* of stripes 
anteriorly instead of blotches, whereas the giound color seems to be un- 
affected (PI CIII, Fig 1) l he top of the head is practically un- 
marked, but the essential features of the lateral head pattern can 
be traced The ground color is pale olive gray, lighter on the sides, 
and pale greenish white on the ventral surface The pigment which 
normally produces the dorsal senes of blotches is arranged m two 
longitudinal brownish green stripes beginning just back of the occip- 
ital region and extending posteriorly for about two fifths of the total 
length Lach stripe is a little more than three scales in width and 
narrowly outlined with pale greenish white A median stnpe of 
ground color is slightly wider than the middorsal scale row Posterior 
to the longitudinal stnpes are eleven indistinct, irregularly placed 
blotches of the same color No lateral blotches are present The 
posterior portion of the body and the proximal two thirds of the tail 

1 Two albino specimen* of Crotalus homdua I inn collected m the Berkshire 

Hills near Sheffield, Mass , have l>een recorded by K I Ditmars, Tu>cniy-*evenlh 
Ann Hep New York Zool S oc (1923), pp 49 115 This author has also deacn bed 
an albinmtic Crotaiua terrific ua (Laun nti) from Managua, Nicaragua, Ninth Ann 
Rep New York Zool Soc (1905), pp 197-200 Sevoml albino individuals of the 
Utter species from the the state of S&o Paulo, Brawl, have been noted by A do 

Amaral, Rev Mns Pavltsta, 15(1927) 56 57, figs 1-3, and Mem Imt BulatUart, 
7(1932) 82-83, Pig 5 
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are unmarked, and the black bands of the distal part of the tail are 
blended together 

There are no special peculiarities in the scutellation of this 
specimen Total length 610 mm , tail length 50 mm , scale rows 
25'25-19 J venlrals 178, caudals29, supralabials 15-15, infralabials 
14-15 

Since evidence obtained in my recent studies suggests that there 
may have been a striped ancestral stage in the evolution of rattle- 
snake patterns, I am inclined to regard as atavistic m nature the 
appearance of a Btnped pattern m occasional specimens, such as this 
one and the next one described 

Croialua homdus Linnaeus 

In the timber rattlesnake the black chevron-shaped crossbands 
of the normal pattern are frequently divided in the middle or variously 
broken up into irregular blotches, which sometimes are confluent in 
the neck region and have a tendency to form longitudinal stripes 
A complete rearrangement of the transverse pattern had occurred in 
an individual of this species which was captured in Franklin County, 
Pennsylvania, in July, 1933 I was unable to see this specimen, 
but from a photograph (PI CIII, Fig 2) furnished by Mr Henry E 
Clepper of the Pennsylvania Department of Forests and Waters 
and from some notes and sketches received from Mr J T Rothrock 
of Pine Grove Furnace, Cumberland County, Pennsylvania, and 
Mr M Graham Netting of the Carnegie Museum, I learned that no 
tracts of the transverse bands retnatned , all of the black pattern having 
been lost The seal-brown middorsal stnpe which is present in many 
specimens of this species occupied its usual position on the median 
row of scales and the inner half of each adjacent row The outer 
half of each of these rows was of cream color, forming a light border 
for the median stnpe A similar light-bordered seal-brown stnpe was 
found on each side occupying approximately scale rows 3 to 0 , continu- 
ous antenorly but broken up into narrow elongate blotches on the posterior 
half of the body The ground color was grayish brown Marked 
irregularity of pattern is characteristic of this species, but in the 
several hundred specimens of C homdus which I have studied no 
instance of a color pattern differing so fundamentally from the nor- 
mal has been encountered 
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Crotalus lucaxenstB Van Denburgh 

The normal pattern of the San Lucan diamond rattlesnake is 
characterized by a conspicuous dorsal senes of dark brown, diamond- 
shaped blotches, each of which is sharply outlined by a border of 
yellowish white scales, and one or two senes of smaller and less 
distinct blotches on each side The top of the head is grayish brown, 
darker on the musxle, and with scattered dark brown blotches 
posteriorly There is a yellowish white spot or dash on each supra- 
ocular shield A lateral dark brown stnpe conspicuously bordered 
with yellowish white extends from the eye obliquely backward to 
the mouth The rostral shield is narrowly bordered with white 
The dorsal ground color ranges from yellowish white to olivaceous, 
with no minute dark brown or black punctations The v entral sur- 
face is cream-colored or yellowish white The tad is grayish white, 
with four or five transverse black bands 

Mr Klauber has kindly permitted me to describe here an ab- 
normal rattlesnake of this species from the Cape Region of Baja 
California (L M K 2243, <?) In this spccirru n both the ground color 
and the pattern are unusually pale and nonumform AU the blotches of 
the pattern are reduced tn relative me and, unth the exception of a few 
near the middle of the body, are irregular or almost obsolete A strag- 
gling row of small irregular brown spots is all that remains of the 
dorsal blotches on the anterior portion of the body Posteriorly the 
pattern fades out until it is scarcely distinguishable from the ground 
color Only with the larger and more regular blotches are the yellow- 
ish white borders distinctly evident The top of the head is unmarked 
save for two small , indistinct brown spots on the muzzle and an irregular, 
transverse brown patch crossing the occipital region and extending for- 
ward above the angle of each jaw The stripes on the sides of the head 
are not sharply defined, and the rostral shield lacks white borders 
Hie ventral ground color is yellowish white, as in normal specimens 
The grayish white tail is crossed by five indistinct black bands, some 
of the pigment of which has encroached m a diffused fashion on the 
bght interspaces 

A comparison of this rattlesnake with other material which I 
have examined and with the diagnostic characters published by 
Klauber <1930, p 11) reveals no aberrations m structural features 
Total length 1255 mm , tail length 75 mm , scale rows 32-27-23, 
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ventrals 194, caudate 26, supralabials 16-16, infralabiate 17-18, 
first pair of infralabiate divided transversely, upper preocular nar- 
rowly in contact with postnasal 

It seems probable that in this specimen, as in some of the Cro - 
talus confluentu8 conftuentus (Say) described abo\ e, we have a case 
of partial albinism The loss of normal pigmentation w expressed 
in both the ground color and the pat tern 
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AGE AND GROWTH OF THE LONG-EARED 
AND THE GREEN SUNFISIiES IN MICHIGAN * 

CARL L HUBBS AND GERALD P COOPER 
I INTRODUCTION 

T HE investigation reported upon in this paper was undertaken to 
elucidate several features in the life history in Michigan waters 
of (1) the dwarfed form of long-eared sunfish, Xenotis megalotis 
peUastes, and (2) the green sunfish, Apomotts cyanellus The study 
has been based on an examination of the scales of 1,129 specimens 
of the long-eared sunfish representing 79 collections, all from the 
Lower Peninsula of Michigan, and of 514 individuals of the green 
sunfish representing 85 collections The distribution of these col- 
lections is indicated by Maps 40-47 

The methods employod were those now becoming more or less 
standard in investigations on the life histones of fishes The scales of 
all specimens, except most of the yearlings in one large collection of 
the long-eared sunfish, were mounted in glycerine jelly and were 
examined by aid of a projecting machine The age status of this 
one group of yearlings was so obvious that only a few scale readings 
were deemed necessary 

The validity of the scale method for age determination of fishes 
in the family Centrarchidae, which includes Xenotis and Apomotis , 
was demonstrated by Creaser (1926) and has been thoroughly con- 
firmed by the earlier and subsequent researches of Barney and Anson 
(1923), Potter (1925), Bolen (1924), Wnght (1929), Hile (1931), 
Tester (1932), and Hubbs and Hubbs (1931, 1933) The papers by 
Creaser and Hile give references to the contributions which in- 
troduced and have established the scale method for the determi- 
nation of the age of fishes in general 

The characteristics of the annulus or winter line on the scales of 
oentrarchid fishes have been adequately indicated by the writers just 

* Contribution from tha Institute for Fisheries Research, University of 
Miohfgaat 
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Map 46 Lower Peninsula of Michigan, showing ( 1) the mean annual tempera- 
tures in degrees Fahrenheit (sobd line, after Soeley, 1922, Chart II), (2) the 
number of days m the growing season — the interval between killing frosts 
(dashed line, after Seeley, 1922, Chart XIV), and (3) the localities from 
which the material of long-eared sun fish was obtained The dividing lines 
between the northern and southern districts are fixed at 47* F and at 
160 days in the growing season 
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cited, and need not be redescnbed The figures of the scales on 
Plates Cl V-CVIII show that the year marks on the scales of Xenotu 
and Apomotis are entirely like those of the other species of this 
family which have been studied 

II JNCRFASED DWARFING TOWARD THE NORTH 

In the central parts of the United States the long-eared sunfish 
{Xenotis megalotin) is a species of fair size Some data on its age and 
growth in northern Indiana have been published by Hile (1931 18, 
23, 32, 42, 51) Northward it grades into a dwarfed subspecies, as 
Forbes and Richardson indicated, for Illinois, in 1909 (p 255) 

Northward this specie* grades into a smaller dwarfish variety, probably 
Xcfutlut lytkrnchlonn, which has been taken only in the dear swift water of the 
Fox at Ottawa Lacon, and Algonquin, in the Du Page at Naperville, in the 
Vermilion at Pontiac and Fairbury, in a small oreek in Du Page county, and in 
Indian creek, La Halle rounty These small forma have the ear-flaps red and the 
scales of the chw k small* r than typical mcgalotu Their size is alone sufficient 
to distinguish them, gravid females having been found only If inches long, and 
no specimen exceeding three inches 

The proper name of this northern subspecies seems to be Xenohs 
megabits peliasies (see Hubbe, 1926 72) 

in Michigan we likewise find that the long-eared sunfish beoomes 
progressively dwarfed toward the north The correlation I a good 
between growth and certain climatic features, which cliapge greatly 
through Michigan The two climatic gradients selected* from those 
mapped by Seeley (1922), as having a clear relo$tot to the growth 
of this sunfish as determined by us, are (1) “the average number of 
days in the growing season (from last killing frost in spring to first 
killing frost in autumn) ” and (2) “the mean temperature for the 
year ” The distribution of our collections in respect to two divisions 
in each of these climatic gradients is shown in Map 46 An exami- 
nation of the figure will make it clear that the groupings of the 
collections according to the two climatic divisions arc identical 
The data are summarized in Tables I and II and in Figure 57 
It seems clear that Xenotis megolotts peUastes shows a dwarfing toward 
the north in Michigan, and that this dwarfing is correlated with a 
decrease m the mean length of the “growing season ” (between killing 
frosts) and m the mean temperature of the year 

As for the long-earod sunfish, we find for Apomotis in Michigan 
that a good correlation holds between growth rate and two climatic 
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TABLE II 

AVERAGE SlZB (STANDARD L8NOTB IN Mm ) FOR LoNO-EARED SUNFIftH OP 
Each Aob Group in Michigan, Arranged according to I engtii 
op Growing Season and Mean Annual Temperature 


The inferior figure appended to each average represents the number of 
specimens on which the average ia baaed 


Growing 
season 
in days 

Mean 

temp 

| Summer of life 

3d 

3d 

4 th 

6th 

Oth 

7th 

8th 

1 

Oth 

10th 

110-160 

160-180 

41-47° F 
47-49° F 

11 0«M 

43 6.# 

49 Duo 
66 

66 7.. 
73 2#. 

til 5u 
77 7* 

* 2 5u ! 
111 Ot | 

89 3* 
105 0, 

79 A, 


74 0. 


TABLE III 

Average Sisk (Standard Length in Mm ) por Grkpn Sunfibh or 
Each Age Group in Michigan, Arranged according to 
op Growino Season 


The inferior figure appended to each average represents the number of 
specimens on which the average is based 


Growing 

Summer of life 

in days 

1st 

3d 

8d 

4th 

6th 1 

6th 

7th 

8th 

110-160 

160-180 

198« 
11 Ot 

44 On* 
40 84 , 

69 8.7 
65 6» 

80 8a 

89 2u 

91 7„ 
11837 

1141, 
127 5„ 

j 

H i 

S3 *, 

158 0, 
146 0, 


TABLE IV 


Number op Specimens op Green Sunfibh Colilctbd before 
July II and after July 10 for the Two Climatic 
Districts op Each Age Grouping 


Date of 
collection 

Growing 
season 
in days 

Summer of life 

1st 

2d 

3d 

4th 

fith 

6th 

7th 

8th 

Before 

110-160 

2 

4 

6 


1 




July U 

160-180 

8 

81 

SI 

35 

3 

11 

5 

1 

After 

110-160 

78 

126 

51 

22 

10 

3 

6 

1 

July 10 

160-180 

r 

14 

51 

10 

2 

1 

1 

asssass 
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gradients indicated by Seeley, “the average number of days in the 
growing season" and “the mean temperature for the year " The 
distribution of our collections of the green sunfish with respect to 
length of growing season is shown in Map 47 A change from this 
basis of classification to the mean temperature basis, with groupings 
of 39° to 47° F and of 47° to 50° F , would involve the transference 
of only nine specimens, in their second and third summers, repre- 
senting three collections, and would in no way modify the con- 
clusions A study of Table III and Figure 58 reveals a decreased 
growth rate in the northern part of the state The circumstance 
that the northern fish in the first and second summers were larger 
than the southern fish of the same age groups, though inconsistent 
with our general conclusion, is easily explained A separate tabula- 
tion of the number of specimens collected before July 11 and after 
July 10, for the two climatic districts in each age grouping ( fable IV), 
shows that the majority of the northern fish (with a 110 156-day 
growing season) were collected after July 10, and that the majority 
of the southern fish (150-180-day season) were taken before July 11 
Thus the fish from the northern area had lived through a longer 
portion of the last growing season than had the fish of the same ago 
group from the southern area By the third and fourth summers 
the differ* nee in size effected by chmatii factors is more than sufficient 
to counterbalance the effect of this fortuitous difference in time of 
capture 

III CORRELATION BETWEEN THE GROWTH OF THE FIRST AND 
OF THE SECOND YEAR 

Some authors have indicated 1 a tendency toward “growth 
compensation" in several fishes, that is, an adjustment leading 
toward reduced variation in size with increasing ago This would in- 
volve a negative correlation between early growth and later growth 
We find no evidence that this tendency holds for the growth of the 
long-eared sunfish in Michigan over the first two years of life (the 
period for which our data are adequate) A positiv e correlation exists 
between the growth of the first year and that of the second year for 
each sex in single collections (see Table V) 

In computing the first year's growth from fish two years old (in 

1 Three such indications were referred to or given by Hubbs, Ecology, 
3 275 1921 



STANDARD LENGTH IN MM 


Age and Growth of Sun fishes 


677 



SUMMER or Lire 

Fig 58 Correlation of growth rate of the green eunfish in Michigan, with 
length of growing season Data from Table III 
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TABLE V 

Corruption between Growth or First Year and or Second Year 

IN 8UNM8HER IN MICHIGAN 


Specie* 

Growing 
season 
in day* 

Locality 

Sex 

No of 
apeci 

mens 

Coeffi- 

cient 

of 

corre- 

lation 

(r) 

Prob- 
able 
error 
of r 
(PEr) 

r 

PEr 

Xenoti* 

110 130 

Tomahawk Lake 

Male 

12 

+0 63 

0 12 

5 

mtgalotu 


Montmorency Co 

Female 

12 

-0 42 

0 10 

3 - 

Do 

do 

Baa* Lake 

Male 

32 

+0 64 

008 

6 



Kalkaska Co 

Female 

18 

+0 60 

0 10 

0 

Do 

160-180 

Huron Kiver 

Male 

22 

+0 40 

012 

3 + 



Washtenaw Co 






Do 

do 

Wilson Lake 

Male 

48 

+0 76 

004 

19 



Hillsdale Co 

Female 

20 

+0 62 

0 11 

6 

Eupomotut 

do 

Crystal Lake 

Male 

90 

+0 46 

006 

6 

ffibborus 


Oceana Co 

Female 

96 

+0 47 

006 

9 

Eupomotu X 

do 

do 

Male 

67 

+0 41 

0 03 

14 

Heltoperca 



Femalo 

10 

+0 64 

0 12 

46 

Hehoperca 

do 

do 

Male 

S 3 

+ 090 

0 01 

90 

t neutor 



Female 

01 

+0 79 

003 

26 


third summer), the method of computation adopted by Hubbs and 
Hubbs (1933 619-623) was employed The scale measurements 
were made of the anterior embedded field along the median axis 
The data used by Hubbe and Hubbs in the paper just cited show 
a similar positive correlation between the growth of the first year 
and that of the second year (up to the time of capture of the yearling 
fish on October 25) for two other species of sunfish and for the hy- 
brids between them These data are included in Table V 

The positive correlation between the growth of the first and of 
the second year m sunfishes means of course that those individuals 
of one sex at one locality which grow more than the average during 
the first year usually grow more than the average during the second 
year as well, whereas those which grow less during their first year usu- 
ally grow poorly in their second year also This naturally leads to 
an increased dispersion m siae with age — a phenomenon well shown 
in the sise frequency graphs for separated age groups in sunfishes 
(Creaser, 1926, Fig 4, Hubbs and Hubbs, 1933, Figs 69-70) 
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The positive correlation between the growth of the first and of the 
second year at one locality may be due to any one of four reasons 

(1) The individuals which attain a greater growth during their 
first year, owing to early hatching or any other factor, may possess 
such a competitive advantage over the slowly growing fish of the 
same age that they obtain more food during the second year In 
rearing sunfish m aquana it u as ob\ ious that the larger fish became 
the masters, obtaining food first and worrying the smaller individuals 
in combat, at times to the point of death 

(2) Some fish may select and inhabit through both years ecological 
niches particularly conducive to rapid growth, or the reverse 

(3) The rate of growth in the first year may in some physiological 
way simdarly affect the growth of the second year 

(4) There may l>e genetic differences in growth potential between 
different individuals 

IV niFFEKFNl 1AL GKOWTH OF THE SEXES 

It is a very general belief, as Van Cleave and Markus (1929 534) 
have indicated, that female fishes grow somewhat larger and presum- 
ably faster than the males There is, indeed, a very considerable 
body of evidence to indicate that the growth of the sexes is either 
very similar, or that the females grow faster than the males The 
general circumstance that very large specimens of many species are 
usually females is explainable in part as due to the greater growth of 
the females, but also in part as the consequence of the greater vi- 
ability of the females 

The long-eared sunfish forms a conspicuous exception to this 
apparently general rule that the female fish grow faster than the 
males of the same species Tables VI -VII and Figure 59 give ade- 
quate evidence that the males in this species grow faster than do the 
females A small difference is already apparent among yearling 
fish (that is, those in their second year), and becomes accentuated in 
the mature fish When the differential growth starts ib uncertain 
It becomes apparent a year before first spawning It is rather doubt- 
ful, however, whether there is any significant difference m the average 
sbe of the sexes at the end of their first season's growth, that m 
their first winter (Table VIII) For all the sexed specimens of long- 
eared sunfish from Michigan in our collection (605 males and 491 



680 


Hubbs and Cooper 


TABLE VI 

Average Size of the Sexes of I onq-earfd Sunfirh of Each Age Group, 

FOR BACH OF THE Cl IMATIO DISTRICTS IN MICHIGAN 


The inferior figure appended to each average represents the number 
of specimens on which the average is baaed 


Crow 

ing 

season 

Mean 

Sex 




Summer of life 




temp 

2d 

3d* 

4th 

6th 

6th 

7th 

8th 

9th 

10th 

1 10-160 
d&yt 

41- 

47°F 

Female 

Male 

30 5*h 

31 Aw 

47 2m 
61 6m 

64 7, , 
69 Ux 

69 2» 
66 3« 

64 8* 
68 3a 

93 0a 
86 6$ 

82 0) 
77 0i 


74 0, 

150-180 

day* 

47- 

49 6 F 

Female 

Male 

4i 4i* 
40 Oh 

61 5m 

68 2ioi 

70 0i* 
76 2,» 

69 0u 
84 7 U 

110 0i 

99 Oi 

no Oi 





• Usual age at first maturity 


TABLP] VII 

Deviation of the Standard Length of Individual Male Specimens of 
Long-eared Sunfish from the Mean Length of Females of the 
Same Age Group in the Same Colibction in Michigan 

Only those age groups in any one collection which contain at least four females 
were used Measurements and computations are expressed 
to the nearest millimeter 


Deviation m rise of individual maloa from 
average else of females in millimeters 


summer 
of life 

-13 

to 

-11 

-10 

to 

-8 

-7 

to 

-5 

—4 

to 

-2 

-1 
to 
+ 1 

4*2 
to 
+ 4 

+5 

to 

+7 

+8 

to 

+ 10 

+ 11 
to 

+ 13 

+ 14 
to 

+ 16 

+ 17 
to 
+ 19 

+20 

to 

+22 

Second 

mm 

m 

ra 


PI 

73 

27 

n 

M 

pg 



Thud 

■■ 


n 


vq 

16 

15 

mm 

Q 

Kfl 

a 

4 

Fourth 






3 

4 

2 

Kfl 

si 

2 


Fifth 


1 

■ 


p 

i 

1 

2 

UM 

Kfl 




females) the average size is 48 1 mm for males and 43 3 mm for 
females This is presumably not due to a greater longevity of the 
males, because the males seem to be less viable than the females (see 
section below on sex ratios) 

In the green sunfish also the males grow faster than the females 
(Table IX and Fig 60) The difference in the size of the sexes in 
their second summer, as determined by averaging the lengths of all 
specimens studied, is slight and seemingly not significant A com* 
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Fia 59 Growth curves of the two sexes of long-ea’-ul sunftoh in the two 
growing-season districts of Mulligan Data from Table VI 

paraon of the sizes of specimens of each sex within single collections 
(Table X) shows that the males apparently average somewhat larger 
than the females even before maturity is attained The sexual 
dimorphism in size seems to increase during the third and fourth 
summers, and probably also throughout the •dill older year groups, 
though these are represented by too few specimens to yield certain 
conclusions 
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TABLE VIII 

Comparative Sirs op Sexes op Long-eared Sunfish in Three Collections 
from Michigan, at the End or Their First Season's Growth, as 
Computed prom Fish in Their Third Summer 


Growing 

season 

Locality 

Sex 

No of 
specimens 

Average 

size 

110-130 days 

Tomahawk Lake, 

Female 


■BSFHH 

Montmorency Co 

Male 



110-130 days 

Bass I*ake, 

Female 



Kalkaska Co 

Male 



150-180 days 

Wilson Lake, 

Female 



Hillsdale Co 

Male 

mEH 



TABLE IX 

Average Sizes op the Sexes op Green 8unpi»h in Each Age Group, 
Arranged according to the Length op the Growing Season 


The inferior figure appended to each average represents tho number erf 
specimens on which the average is based 



Hj 

Summer of life 

2d 

3d 

4th 

5th 



8th 

110-150 

days 

Female 

Male 

44 9,. 

45 4m 

59 2m 
62 0„ 

75 6. 
83 8m 

83 0i 
93 7, 

96 0j 
123 5, 

114 4, 

158 0! 

150-180 

days 

Female 

Male 

417m 
40 8 U 

8# 8m 

70 0« 

81 U 
95 2m 

110 3. 
124.8. 

126 3* 

mu 

122 0t 

151 4| 

145 0i 


It is probable that the males of at least most species in the family 
Centrarchidae grow faster than the females This was suggested by 
Creaser's data (1926, Fig 3) for Eupomotu gibbon us, and was defi- 
nitely indicated by Tester (1932 215) to hold for Micropterus dolo- 
mteu Hubbs and Hubbs (1933 622) showed that the males of 
Eupomotu gibbonu , of Heltoperca tncuor, and of hybrids between 
them grow at about the same rate as the females during their first 
year of life, but at a faster rate during their second year Dr Ralph 
Hile informs us that the males of Amblopltles rupestns grow faster 
than riie females 
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Fig 00 Growth curves of tb« two sexes of green eunfleh in the two growing- 
mmoq dhrtriote of Michigan Data from Table IX 
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TABLE K 

Deviation ok i*hb Standard I enoth or Indivwuai Male Specimens 

OP (iRERN SuNFlHH FROM THtfl MEAN 1 FNGTH OF 1' EM ALB SPECIMENS 

of the Same Agb Group and Coiiection in Michigan 


Only those age Kroujis in any one collection which contain at least four females 
were used Measurements and computations are expressed 
to the nearest milli meter 


Summer 
of life 





Deviation m millimeters 







-10 

-7 

-4 

-1 

2 

5 

8 

11 

14 

17 

20 ! 

21 

26 

20 

32 

35 

38 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to ! 

to 

to 

to 

to 

to 

to 


-8 

-5 

~2 

+ 1 

4 

7 

10 

13 

10 

10 

22 

25 

28 

31 

34 

37 

40 

Second 

4 

4 

8 

5 

3 

11 

4 

2 

2 

I 


1 






Third 

1 

1 

4 

2 

4 

7 

5 

3 

4 

2 

2 

2 





1 

Fourth 



1 

1 

2 


2 

2 

1 

2 

1 

2 



1 




The significance of this apparently altered differential growth 
rate of the sexes is of course a matter of speculation Our supposition 
is that the inert ased growth of the males has been of selectionai sig- 
nificance, enabling them the better to ward off enemies from the 
nests which they guard bo pugnaciously 

This hypothesis will of course be very difficult to test It receives 
confirmation, however, from the differential growth rate of the sexes 
in Cyprmidae In that family most species show no specific nest- 
building or nest-guarding habits, and in these forms the females 
reach as large a size as the males or become larger, and probably 
grow as fast or faster But there are some notable exceptions, in 
which the male becomes much larger than the female These are 
the very species which build or guard some sort of nest, or perform 
both functions This correlation of differential growth rate with 
breeding habits can hardly be a coincidence, since it involves a 
considerable number of unrelated genera The greater growth rate 
of tho male has been indicated in published papers for two cyprinlds, 
for Hyborhynchm noiatus by Van Cleave and Markus (1929), and for 
Semohlw airomaetdatus by Greeley (1930) Hubbe and Greaser ob- 
served this phenomenon m 1921, not only for the two species just 
mentioned, but also for Nocomta biguttalus and Noiropxs comutus 
frontaha Males of other American cypnnids which guard the eggs 
grow larger than the females, notably the other subspecies of Notropta 
cornutua, and Nocotnta mtcropogon, Leucoatmua corporoha, Exogloaaum 
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maxiUingua t Pimephales promelas, and Campostoma anomalum 
Professor Yuan ting T Chu calls our attention to the fact that the 
males of an Asiatic cypnnid, Ptteudoranbora parva, likewise guard the 
eggs and grow larger than the females 

V SEX RATIO 

Among tho second-summer or yearling specimens of the long- 
eared sunfish, almost all immature, (he two sexes are represented in 
approximately equal numbers About se\en U nths of the fish a year 
older, m their first usual year of maturity, art males Tins aberrant 
sex ratio is certainly not representative of the actual natural popula- 
tion, but obviously results from the extreme ease of collecting the 
gregariously breeding males on their nests in shallow water But by 
the next year (fourth summer) the sexes in the collections are again 
approximately equal, suggesting an actual preponderant < of the 
more retiring females For subsequent years the females in the col- 
lections somewhat outnumber the males, and are presumably de- 
cidedly more numerous in nature Of the throe oldest fish two are 
females in their eighth and tenth summers, and one is a male in its 
eighth summer The data arc given m Table XI 

Data on the sex ratio in Apornotis cyanellu s, given m Table \II, 
show an increasing percentage of males among the older fish, thus 
contrasting with the condition found in \cnofis Since the males 
of Apomotts are not so gregarious in their breeding, collections having 
an abnormally large number of that sex do not occur As an apparent 
consequence the sexes are more ev enly represented m the collections 
of green sunfish The increasing ratio of males m Apornotis with age 
suggests that the males are more viable than the females This is 
contrary to the general rule as well as to the situation found for 
Xenotte, and needs confirmation 

VI AGE AND SIZE AT MATURITY, AND SUBSEQUENT LIFE HISTORY 

Xenotts megalotvf in Michigan appears to mature at a definite age 
rather than at a definite size In both the southern and northern 
parts of the state the great majority of individuals mature first at the 
age of two years, that Is, in their third summer This is true despite 
the circumstance that the immature yearlings in the south are often 
as large, usually 40 to 50 mm in standard length, as the average 
mature two-year-old fish in the north In their first summer of 
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TABLE XI 


Sex Ratios fob Lonckearkd Sunfirh as Determined from 
the Michigan Specimens 8tui>ied 


Summer 
of life 

Usual maturity 

No of 
males 

No of 
females 

Percentage 
| of males 

Second 

Immature (yearling*) 

265 

252 

51 

Third 

First year of maturity 

221 

100 

69 

Fourth 

Second year of matunty 

60 

63 

49 

Fifth to tenth 

Subsequent years (ma- 
ture) 

59 

76 

44 


TABLE XII 

Sbx Ratios for Green Sunfisk as Determined from the 
Michioan Specimens Studied 


Summer 
of life 

Maturity 

No of 
males 

No of 
females 

Percentage 
of males 

Second 

Almost all immature 

72 

86 

46 

Third 

About 75% mature 

69 

68 

50 

Fourth 

All mature 

40 

27 

60 

Fifth to eighth 

All mature 

36 

11 

77 


maturity the long-eared sunfish m southern Michigan are usually 45 
to 75 mm in standard length (2 0 to 3 5 inches in total length), while 
those in northern Michigan are usually 35 to 65 mm in standard 
length (only 1 5 to 3 0 inches long over all) during this first season 
of matunty (Tables I and XIV) 

There is little variation in the age at matunty of long-eared sun- 
fish in Michigan Occasional large yearlings at scattered localities 
are mature, or maturing so as to spawn m their second summer 
Similarly a few two-year-old (third-summer) fish are immature, and, 
in agreement with this, a few fish show no trace of a spawning mark 
on their scales inside the third winter line 

A considerable percentage of the long-eared eunfish in Michigan 
which reach maturity live through three years of matunty (Tables I 
and XIV) About as many four-year-old as three-year-old fish appear 
in the collections studied Relatively few, however, live to be older, 
for both sections of the state there is a sharp drop in numbers be- 
tween the filth and the sixth summer of life Of the 1,120 fish 
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studied only 6 are in the seventh summer, 2 in their eighth, and 1 in 
its tenth year (approximately nine years old) All three of the 
eighth- and tenth-summer fish are from the northern growing district 
(116-160 days) Of the 24 fish m their sixth to tenth year, 21 
(nearly 90 per cent) are from the northern district, although only 
64 per cent of the total number of fish studied, yearlings excepted, 
are from that district 

All the green sunfish in Michigan appear to be mature in their 
fourth and subsequent summers Roughly about three fourths of the 
third-summer fish and a very few of the second-summer fish are 
mature In single collections the early spawners withm a given year 
group are the larger individuals of that year group, yet no significant 
differences m age of maturity are correlated with the differential 
growth rates of fish from the northern and the southern parts of the 
state, or with sex The over-all size at first maturity for both soxes 
averages Blightly ov er three inches in the southern part of the state, 
and slightly under three inches m the northern district Greater 
longevity in the region of slower growth is indicated by the data, 
in our collections from the southern and the northern areas the rela- 
tive numbers of individuals in each summer of life from the first to 
the eighth, are 80 6,129 46,67 83,22 45,11 7,3 13,5 6,1 1 
The ages and sixes of the green sunfish at maturity arc indicated 
in Tables XII and XV 

VII THE SPAWNING 8FA80N 

Observations of nesting fish, supplemented by the examination of 
the gonads of preserved specimens, show that the spawning season of 
the long-eared sunfish m Michigan centers in July, but extends from 
the latter part of June into early August Like other distinctly 
summer spawners, it does not mature the gonads during the fall pre- 
ceding spawning, as do most of our early spring spawning fishes 

Our observations of the green sunfish indicate a prolonged spawn- 
ing season for this species in Michigan This is especially obvious 
from our data on the size distribution of the young of the year, given 
in Table XIII The first two entries in this table definitely indicate 
June spawning, the sizes of the young of subsequent collections 
make it dear that spawning extends through July and probably into 
August, to judge from the growth attained at the time of capture 
Gravid females occur in collections made as early as June 25 and as 
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TABLE XIII 

8is» or Green Sunfish jn Their First Summer or Life 
in Sinqie Collections from Michigan 


Growing 
season 
in days 

Lake 

County 

Date 

Mean 
length, 
in mm 

No of 
specimens 

ISO ISO 

Third Sister l^ake 

Washtenaw 

July 1 

110 

6 

110-150 

Whipple Creek 

Newaygo 

July 9 

31 0 

2 

Bo 

Railroad take 

Lake 

July 18 

170 

1 

Bo 

I ittic I*og lAko 

Kalkaska 

August 9 

180 

1 

Bo 

Highbank l^ake 

Newaygo 

August 24 

181 

34 

Bo 

Kiehners I ake 

Menominee 

August 30 

218 

29 

Bo 

Cranberry Lake 

Kalkaska 

Sept 11 

202 

5 

Bo 

Sand I Ake 

Newaygo 

Sept 17 

16 0 

1 

Bo 

Ooatoga 1 ake 

Otsego 

Sept 27 

230 

1 

Bo 

Horseshoe I ake 

Otsego and 
Crawford 

Sept 29 

16 7 

6 


late as July 27 Males in southern Michigan retain running milt 
as late as September 28 Forbes and Richardson (1909 260) indi- 
cated spawning of the green sunfish m Illinois as late as August 14 

VIII THE SPAWNING MARK ON THE SCALES 

Several who have worked on the life history of centrarchid fishes 
have noted “ double annuli n which we have thought might reflect 
checks in growth due to both winter and breeding Now we feel 
justified m stating, for the long-eared and the green sunfishes at 
least, that spawning is usually registered on the scale by a definite 
mark (Pis CIV-CVIII) The spawning mark is closely associated 
with and lies within a winter annulus, usually within each annulus 
from the third one out to the last one shown on the scale This 
spawning mark indicates an abrupt though temporary slackening or 
cessation of growth dunng the breeding season 

The spawning mark is most dearly evident across the anterior or 
concealed field of the scale and in the anterior portion of the lateral 
fields Here it is often more conspicuous than the true winter line 
It often appears as a definite clear break across the anterior field, 
caused largely by the straightening out of the ridges (circuit) between 
the radu Between a spawning mark and the preceding annulus the 
ndges are usually strongly curved inward between each two radii, 
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whereas from the spawning mark outward to the following annulus 
the ridges are usually straight This change in the curvature of the 
ridges tends to leave clear lenticular gaps along the line of the spawn- 
ing mark 

The ridges representing the spring growth out to the spawning 
check are widely spaced, those representing the fall growth outside 
the spawning mark are often (though by no means always) more 
densely crowded, so as to form a dark band across thi anterior field 
of the scale Thts dark band of crowded ridges when dev eloped m 
usually continued around and just back of the anterolateral angles 
Rarely the breeding mark may be traced into or even across the 
posterior or exposed field of the scale, ^parate from the winter 
annulus, though usually the two marks merge together in advance 
of the posterolateral angle This would seem to indicate that the 
scale grows chiefly m the anterior direction after the spawning time, 
thus embedding the scale more deeply into the flesh Dorsovcntral 
growth of the scale seems to be very slight afUr spawning, except 
toward the anterolateral angle, along which the growth is about as 
great as on the anterior field 

The more complete spawning marks have probably been mis- 
taken occasionally by previous investigators for winter annuli A 
thorough understanding of the features of the two marks should 
make suoh errors m age determination very rare 

Although as stated above the spawning season of the long-eared 
sunfish in Michigan centers in July, extending from late June to 
early August, the spawning mark is usually much nearer the follow- 
ing winter annuluB than the preceding one This suggests that a very 
rapid spring growth and a more sluggish late summer and fall growth 
is the rule The wide spacing of the circuh laid down prior to spawn- 
ing and the crowding of the post-spawning circuit are m harmony 
with this view that the growth is slackened m the later part of the 
season 

The formation of the spawning mark is clearly coincident with 
breeding Scales from either species taken in the late spring prior 
to spawning show the widely spaced ridges characteristic of spring 
growth, without a trace of a spawning mark near the margin Scales 
from male long-eared sunfish taken on their redds in the Huron River, 
Michigan, on June 28, show little indication of a spawning mark, 
whereas almost all those taken on their nests m the same river on 
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July 7 and 9 show a spawning mark forming or completely formed, at 
or very near the margin of the scale Autumn-taken fish have scales 
showing the spawning mark well inside the margin 

XX RELATION OF SIZE AND GROWTH TO LEOAL LIMIT 

The laws of Michigan, as they now stand (March, 1934), list the 
long-eared sunfish (Xenotis megabits peUastes) and the green sunfish 
(Apomotts cyaneUus) as game fishes, and stipulate the legal size limit 
of these species as six inches 

Not one long-eared sunfish among the 1,129 specimens available 
for the present research is so large (see Table XIV) It is doubtful 
whether one long-eared sunfish per thousand mature fish in Michigan 
is of legal size Less than 0 5 per cent of our examples are more than 
5 inches long Only 1 in 18 or 19 is more than inches long This 
species is clearly not m need of any protection in the way of a legal 
size limit Placing a legal size limit of 0 inches, or of 5 or even of 4 
inches, on this species gives it complete or almost complete protection 

Only 4 per cent of the green sunfish specimens studied are of legal 
sire (Table XV) Whether this percentage is representative of the 
natural fauna or not is debatable, since most collecting is done in 
shallow water with small seines and is somewhat selective of the 
smaller fish However, of the twenty fish of legal size, eleven were 
collected by Professor T L Hankinson m Oakland County, mostly 
from Walnut Lake Since his collections included only five speci- 
mens under the legal size, he obviously selected for preservation 
chiefly the larger fish This compensates more or less for the selective- 
ness of seining methods for the smaller fish This selectivity is 
probably not severe anyway, since the green sunfish » a shoal-loving 
species All the legal-sized fish were taken from lakes, 85 per cent 
from the southern part of the state (160-180-day growing season), 
and hence only 16 per cent from the northern district (110-160-day 
growing season) Of the fish studied only one in one hundred from 
the northern zone is of legal size If the selected Walnut Lake col- 
lections be excluded, only one fish in thirty-two from the southern 
zone is of legal size 

Protecting these dwarfed sunfishes apparently has no beneficial 
effects, and may be decidedly harmful to fishing for pan fish in certain 
inland lakes They must to a considerable degree compete with the 
pumpkinseed and bluegiil sunfishes to food and for spawning 
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grounds The competition for food between the adults of the long- 
eared eunfish and the half-grown of the larger species must be rather 
severe, especially when the long-eared sunfish becomes abundant 
The voracious habits of the green sunfish make it an even worse 
competitor of the bluegill and pumpkinseed Its large mouth even 
enables it, when adult, to oat the same kind of food as the larger 
young or even the half-grown of the larger game fishes It even tends 
to be a predator When it becomes abundant, it must ha\ e an effect 
on the population of the larger species 

Both the long-eared and green sunfishes do in fact swarm and 
dominate in certain inland lakes of the state In all probability the 
complete or almost complete protection accorded these species by 
the law has been conducive to their increase The larger and better 
sunfish species have suffered a drain and depletion, while the survival 
of the dwarf species has been favored 

Another potentially harmful effect of multiplying the numbers of 
these dwarfed species is the increase in number of interspecific hy- 
brids Whereas these hybrids are not dwarfed, they are infertile, 
though they vigorously monopolize the sunfish spawning grounds 
throughout the warm season (Hubbs and Hubbs, 1931, 1933) 

It is true that the long-eared Bunfish is not generally distinguished 
by Michigan anglers from the larger species, but the green sunfish is 
confused with the warmouth baas ( Chaenobryttus gulom ?) under the 
name of "mud bass ” It is claimed by some that a special size limit 
on the two specios would lead to confusion in the enforcement of the 
law Our recommendation, however, is that both bo removed from 
the list of game fish entirely, and that the legal limit for “sunfish" 
be specified as applying to the pumpkmseed and the bluegill This 
would allow cottagers (and their children) to remove the excess of 
the long-eared and green sunfishes when overabundant, after they 
have learned the identity of the dwarfed species 

In more southern states both the long-cared and the green sunfish 
attain a more respectable size, and in places rank as pan fishes of 
some importance In the Ozark 8 the green sunfish readily takos the 
fly, and has a good reputation as a game fish, though in some isolated 
ponds and in creeks throughout its range it swarms and becomes 
dwarfed The recommendations for a change in the legal status of 
the long-eared and green sunfishes apply to Michigan only For the 
lakes in northern Indiana Hile (1931 42) concluded that "It is 
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doubtful whether legal ewe [five inches] is reached [by the long-eared 
sunfish] before the fourth growing season, and some individuals in 
the III, IV, and V groups scarcely pass the scrutiny of the law ” 
In Ohio no size limit is stipulated for either the long-eared or the green 
sunfish (there is a bag limit of twenty per day for all sunhshes com- 
bined), even though both species tend to grow larger m that state 
than in Michigan Milton B Trautman informs us that in certain 
of the smaller Ohio ponds protected from fishing the green sunfish 
excludes the other species, and becomes so numerous as to be dwarfed 

x SUMMARY 

1 This study was based on the age determination of 1,129 long- 
eared sunfish (Xenotu megalotie peUaetee) and of 514 green sunfish 
(Apomotis cyanellus) from Michigan, using the scale methods now 
becoming standard 

2 These species become more dwarfed toward the north in 
Michigan, in good correlation with a shortened growing season and 
lower mean annual temperature 

3 There is no evidence for “growth compensation " In three 
genera of Centrarcbidae, Xenotu, Hehoperca , and Eupomohe, a pos- 
itive correlation exists between the growth of the first and of the 
second year 

4 In Xenotts and Apomotu, as in other centrarchids, the male 
grows faster than the female This unusual relation may be an 
adaptation, since larger size would obviously be of advantage to 
these nost-guarding fishes In the Cyprimdae likewise the males 
grow larger than the females m those species In which the male guards 
the eggs 

5 In Xenott8 the females apparently live longer than the males, 
on the average Our data for the green sunfish indicate, anoma- 
lously, that the males are more viable than the females 

6 Attainment of maturity In both species is related to age 
(usually just two years) rather than to size Greatest longevity is 
probably attained in the region of greatest dwarfing Maximum 
indicated age for the two species in Michigan » nine years for the 
long-eared sunfish and seven years for the green suhfisb 

7 Both species are summer s pawners, nesting from the latter 
part of June at least into August 

8 A definite spawning marie is usually produced on the scale of 
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both species, indicating a slackening or cessation of growth dunng 
spawning Spring growth (prior to spawning) appears to be more 
vigorous than late summer and fall growth 

9 Since the long-eared sunfish very seldom if ever attains its 
designated logal length of six inches in Michigan, and since relatively 
few green sunfish exceed that length, these species are obviously not 
in need of such legal protection Maintaining them as game fishes 
favors their increase They tend to become overly abundant, and 
probably compete with the better species for food It is recom- 
mended that they be omitted from the list of designated game fishes 
and that they be exempted from any s ne or bag limit 

University or Michigan 
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INTRODUCTION 

I N THE life history of Gorgodera ampheava Looks ns determined 
experimentally the frogs Rana clamitans Latr and R catcsbeiana 
Shaw have been used as definite e hosts, and a clam, Muscuhum 
partumeium Say, and a snail, Hehsoma antrosa Conrad, ns the first 
and second Intermediate hosts, respectively The abstract by Krull 
(19336) is, apparently, the first paper to appear on the life history of 
frog bladder flukes in the United States, in this note Mttscuhum 
partumeium, Helnoma antrosa , and Rana clamitans were reported as 
first and second intermediate hosts and definitive host, respectively, 
of a gorgodend fluke now determined as Gorgodera ampheava Loosa 
In the present paper the larval stages of this fluke are described in 
full and the experiments establishing the life history are given, in 
addition, a new local definitive host, Rana calesbeiana f is reported 
The two definitive hosts are commonly found to be naturally infected 
with G ampheava , which is the only frog bladder fluke that has been 
taken in the local Beltaville area m two years of collecting Bensley 
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(1897), who described G amphcava under the name of DtsUmum 
cygnoides, reported it from the frogs Rana clamitans, R inre scene, 
and R catesbetana, and subsequently Stafford (1902), Cort (1912), 
Guberlet (1920, identified as G ctrcava , sp nov) and Harwood 
(1932) recorded the fluke from R catesbetana 

Sinitsin (1906) described the larval stages of several frog bladder 
flukes and discovered that the large active tails of the oercariae 
served as lures for certain insect larvae which became infected by 
eating the cercanae He observed also that there was a decided 
difference m the relative activity of the different cercanae Further- 
more, by inconclusive experiments, he found that larval Eptiheca 
could be infected with the cercana of Gorgodera loom and that the 
resulting metaoereanae, when fed to a frog, developed into Gorgodera 
loosst Sinitsin, and that larval Agnon could be infected with the 
cercana of Gorgodera varsovtensts and that the resulting metacerc&riae, 
when fed to a frog, developed into Gorgodera varsovtensts Sinitsin 

The wntcr has had occasion to observe, m the Douglas Lake 
region and at Ann Arbor, Michigan, similar frog bladder fluke 
cercanae shed by clams of the family Sphaerudae Encysted frog 
bladder fluke metacercanae were found in naturally infected nymphs 
and imagoes of damsel flies, Lestes sp , and the nymphs of these 
insects also could be infected under laboratory conditions by feed- 
ing them cercanae which, when they penetrated the digestive system, 
produced a definite and decided response in the nymphs similar to 
those described by Sinitsin 

The life history of Gorgodera amphcava, subsequently discussed, 
is peculiar in two respects (1) The tail of the oerc&na of G ampluxwa 
is immobile and exceedingly long in comparison with that of other 
forms, and (2) a snail instead of an insect, as in the case of other 
frog bladder flukes for which comparable parts of the life history 
are known, serves as the second intermediate host Hie idea that a 
snail might be a second intermediate host of a frog bladder fluke is 
not new, for Thiry (1869) ooncluded, on the basis of the excretory 
system and the discarded stylet, that encysted larvae found by hun 
in small lymnaeid snails were those of Cercana macrocera. Sinitsin, 
in his comment on Thiry'a discovery, stated that it was only possi- 
ble to say that Thiry had observed a young diatoms, and that it 
waa absurd to think that the encysted larva waa a frog bladder 
fluke, since it waa inconceivable that the host, the small Lymnoeo, 
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would be used as food by frogs, because normally they did not feed 
on mollusks 

It has been the experience of the writer that snails, both terrestrial 
and aquatic, are rather commonly encountered in the digestive sys- 
tems of frogs collected under natural conditions, and he has found 
a fully grown Polygyra albolabrus in the stomach of a modera to-sized 
frog That mollusks are eaten by frogs is easily demonstrated by 
putting mollusks and frogs together for a couple of days in an aqua- 
rium containing about two inches of water, during this time most 
of the snails are usually eaten 

DESCRIPTION OF LARVAL STACIES 
Sporocyst 

Daughter sporocyst large, 1 1 to 3 5 mm (average 2 6) long by 
230 to 360 /x (average 330) wide, tubular, with one end constricted 
for a short distance Wall of sporocyst rather thick and rough, 
with large semicircular flame cells (PI CIX, Fig 1) A single sporo- 
cyst may have as many as sixteen fully grown cercnnae 

The sporocystfl occupy the proximal ends of the gills of the clam 
and are more or less free except for the constricted ends, which are 
mobile and buned m the gill tissue and which, apparently, serve as 
holdfast organs In some of the «{>orocysts this constricted end is 
open, and oercana bodies without the tails have been observed to 
crawl out of this end when the sporocysts were mounted on a slide, 
indlOfttmg that this opening is possibly a birth pore through which 
the oercariae are discharged 

The peculiar flame cells of the sporocyst are very largo, some 
being 63 p wide The limiting membrane of the cell proper could not 
be determined, but the nucleus and the cytoplasmic parts, as in* 
cheated In Figure 1, were always observed The semilunar portion 
of the eell, which contains the vibratile, platehke structures, narrows 
between the two ends and opposite the nucleus to form a duct, as 
shown in Figure 1 These flame cells have been described as present 
in Dtskmum cygmides (* Gorgodera cygnotdes) by Loose (1804) and 
In the sporocyst of Phyllodutomum folium, by Sinitsin (1905) 

Ccrcono 

Cystoeercus cercaria (Fig 2), 4 4 to 7 5 rom (average 6 0) long, 
differentiated into an anterior chamber 350 to 390 p (average 372) 
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long by 170 to 230 (average 196) wide, tad proper 150 to 170 p 
(average 160) wide near anterior end and tapenng posteriorly, with 
the end bluntly rounded Tail cylindrical, immobile, transparent, 
and structureless except for concentric striae and a few small scattered 
nuclei m its wall Opening of cercana chamber elongated A py- 
ramidal mass of tissue arises from base of chamber at junction with 
tad proper, this supports an attachment for the cercana body 
Cercana body spindle-shaped, 600 to 780 fi (average 693) long 
by 195 to 235 m (average 220) wide Cuticle 1 5 to 2 p thick, marked 
by longitudinal and conccntnc striae, their nature and extent 
depends on degree of contraction Body provided with sensory 
tubercles a circle of 10 around oral sucker and one of 6 around 
acetabulum Besides these, a pair of ventral lateral rows, 4 tubercles 
in each, extends from oral sucker to the acetabulum, a pair of lateral 
rows, about 25 tubercles in each, reaches from antenor to postenor 
end of body, and a pair of dorso-lateral rows, 2 tubercles in each, at 
level of oral sucker Surface of oral sucker provided with 24 sensory 
papillae that vary m size and distribution (see Fig 3) Papillae on 
the oral sucker at sides of stylet are devoid of sensory hairs which are 
present on the others Limited areas (Fig 3) on both suckers are 
supplied with sensory hairs 4 to 8 m long The hairs, aside from those 
on papillae, confined approximately to outer half of the suckers, 
except in stylet region of the oral sucker, where they occupy area 
between level of base of the stylet and mouth opening 

Stylet 33 to 37 ^ (average 34) long by 8 or 9 n wide, embedded m 
a slight anterior prolongation of oral sucker Stylet rounded pos- 
teriorly, pointed, and curved dorsaliy anteriorly, postenor end of 
stylet somewhat depressed A pair of lateral wings on dorsal side 
anse abruptly near anterior end , they dimmish gradually postenorly 
and curve ventrally A slight, short, median keel is present on 
ventral side of stylet near anterior end Oral sucker 93 to 117 ju 
(average 105) long by S8 to 96 m (average 92) wide, with a slight 
anterior prolongation in the stylet region Acetabulum slightly 
postequatorial, 122 to 133 m (average 127) in diameter Ratio of 
size of oral sucker to acetabulum about 4 5 Penetration gland 
cells, 6 pairs, indistinct and anterior to acetabulum, mostly inter- 
cecal, with ducts having an undulating course anteriorly and opening 
near tip of stylet Nuclei of gland cells 6 m in diameter Oral 
aperture subterminal, esophagus narrow, thin-walled, reaching about 
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midway of distance between suckers, ccca narrow, poorly developed, 
terminating near posterior end of body Excretory aperture at 
posterior tip of body, excretory bladder small, thick-walled, median, 
with a stem reaching anteriorly almost to acetabulum and then 
bifurcating to form lateral collecting ducts extending antenad as 
undulating tubules to about level of oral sucker The excretory 
bladder and entire median tubule is surrounded bv large, compactly 
arranged, granular, cystogenous gland cells, with their long axes 
at right angles to long axis of the body Prunordium of genital 
organs immediately post* nor to acetabulum consisting of a poorly 
developed submodian mass, with narrow lateral prolongations and a 
thread of cells continuing dorsal to acetabulum as far as its anterior 
border, indicating the position of the future uterus and genital 
pore 

Ihis description is based on living and on stained and mounted 
material from Mmcuhum partumetum Ihe measurements of the 
cercana body were secured from specimens under pressure of the 
cover glass just before death The following average measurements 
were obtained from five cercana bodies killed and then mounted m 
10 per cent formalin under slight, if any, pressure body 240 p 
long by 135 p wide, oral sucker 68 p long by 61 p wide, acetabulum 
79 p long by 94 p wide Average measurements of six cercana 
bodies, killed in 10 per cent formalin and stained and mounted, 
were body 205 p long by 120 p wide, oral sucker 51 p long by 45 p 
wide, acetabulum 52 p long by 68 p wide The following measure- 
ments were obtained from a living cercaria moderately contiacted 
and not under pressure body 285 p long by 145 p wide, oral sucker 
73 p long by 63 p wide, acetabulum 75 p long by 82 p wide, width 
of the stylet gland duct area at level of oral sucker 10 p Ihe cer- 
cana body is full of refractive granules which make it difficult to 
distinguish the organs The second tubercle in each of the lateral 
rows is double, the anterior part of the double tubercle is the smaller 
Doubling is also apparent in the papillae at the angles of the mouth 
{Pig 3) It was impossible to observe all the stylet gland cells in a 
single cercana on account of the retractile matenal in the body, 
however, the number of ducts could be determined and the number 
of cells was obtained by counting the ducts The pnmordia of 
genital organs are practically imperceptible in living cercanae, but 
oottfd bo observed in stained and mounted specimens Of the mtra- 
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vitom stains used in this study only gentian violet and neutral red 
were of value 

As already indicated , the tail is almost structureless and seems 
to be nothing more than an elongated sac > being sticky, this structure 
is easily tangled up in debris or in any organic material which the 
snail may eat The cercana body is relatively inactive m its capsule 
m the tail, m its resting position the body may be contracted and 
straight, or elongated with the anterior end folded ventrally The 
cercaria body may be forced out from the tail by a slight amount of 
pressure of the cover glass, all the specimens used in the study were 
obtained in this way In no specimen has the cercana body been 
found attached to the tail, although a tissue structure in the bottom 
of the capsule indicates that it is attacked at some time, a condition 
which prevails in immature oercariae in the sporocyst 

Melaetrcana 

Shape of the body and position and distribution of tubercles and 
papillae as in cercana Sensory hairs on suckers absent Longi- 
tudinal and transverse striae on body quite prominent, owing to 
subcuticular musculature Body 485 to 835 M (average 682) long 
by 150 to 240 m (average 208) wide Stylet absent, but its cavity 
in oral sucker is prominent Remnants of stylet gland-cell bodies 
and ducts usually present Oral sucker 80 to 130 p (average 109) 
long by 82 to 116 /i (average 104) wide, with a slight antenor pro- 
longation marking place where cercaria stylet had been embedded 
Acetabulum 112 to 165 p (average 142) long by 112 to 165 m (average 
144) wide, slightly poetequatorial Ratio of oral sucker to aceta- 
bulum 3 4 Oral aperture subterminal, esophagus narrow, rather 
thick-walled and reaching to near midway between suckers, there 
bifurcating to form well-developed, thick-walled ceca which terminate 
near posterior end of body Cercaria bladder and median collecting 
tubule dilated to form large excretory bladder (Fig 6) containing 
numerous clusters or rosettes of very fine refractile granules fixed 
to its wall Cystogenous glands, surrounding the bladder, much 
reduoed and in various stages of disintegration Wall of excretory 
duct muscular and terminating m a median pore at posterior end 
of body Primordm of genital organs somewhat more developed than 
in the cercaria One of the largest metaeercaria, in addition to the 
anteriorly directed thread of cells as described fa r the cercaria, showed 
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a pair of cell threads that extended posteriorly, one on either side 
of the excretory bladder, one of these cell threads showed enlarge- 
ments, pnmordia of testes 

The metacercanae on which the description was based were 
laboratory-raised and -infected snails, Hehsoma antrosa, which had 
been infected for at least two weeks The metacercanae do not differ 
essentially from the cercariao bodies except in sue and excretory 
bladder 

The measurements of metacercanae under different conditions are 
given in the following table 


TABLE I 


MjBASiraflMrNTS ok Metacercariae in Microns 


Numbar of 
ipocimena 


Ht* mt tim* of 
dafctk wwUr pw*~ 
tQN of oovor giAM 


Tbm killed juhJ 
mounted In 10 par 
oonl formalin 


Four, •Udnod and 
mounted nfter bo- 
te* kiUod in 10 por 
oonfc fonnoUn 



A metacercaria measured in 10 per cent formalin was 370 n long 
by 155 m wide, its oral sucker was 76 ju long by 70 yu wide and its 
acetabulum 94 p long by 100 p wide When stained and mounted 
the same specimen was 305 p long by 118 p wide, its oral sucker was 
then 62 p long by 52 m wide and its acetabulum 65 ju long by 7b m 
wide 

The cercaria stylet is discarded intact except that the more 
delicate wing parts of the structure may be fragmented The stylet 
may be recovered from the cyst In the fully developed metacercaria 
the excretory bladder is very much distended and contains clusters 
of granules adhering to the wall 
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The encysted mctacercanae in naturally and experimentally in- 
fected snails, as previously indicated by the writer (Krull, 19335), 
were usually localized in tissues surrounding the intestine at the level 
of the heart and were easily freed m dissections, when numerous, 
several were usually clumped together The majority of cysts are 
spherical, some are suboval The roomy cyst usually consists of 
two parts, an inner thin, transparent, and hyaline part of metacer- 
carml origin, and an outer granular, pigmented, and ill-defined part 
of host origin Cysts of twenty-one metacercanae at least two weeks 
old, which ivere devoid of the poorly defined part of host origin, 
were 200 to 245 fx (average 217) in diameter Subsequent measure- 
ments of a few older cysts from experimental and natural infections 
indicate that the maximum size may be somewhat greater Seven 
hyaline cysts from ft naturally infected snail were 255 to 289 p (aver- 
age 277) in diameter 

FXPERIMENTS 

Remarks concerning experiment animals 

The small clams, Musculium partumeium, used as a source of 
material for infection experiments were collected m a small pond 
near Beltsville, Maryland From September 1 to October 24, 1933, 
152 specimens were collected, of this number 11 were actively shed- 
ding cercanae 

The snails, Heltsoma antrosa f used in the experiments, were from 
one fourth to three fourths grown, they were hatched and raised in 
the laboratory The stock from which the snails were reared was 
collected in August, 1932 The snails laid eggs the following spring, 
and when a sufficient number of egg masses had been laid the parent 
snails were removed The snails which hatched from the egg masses 
were the ones used in the experiment A control was not considered 
necessary, amee the snails were raised from eggs in the laboratory, 
nevertheless, twenty specimens from the aquarium that contained 
the snails to be used in experiments were dissected and found to be 
negative for any trematodes 

The tadpoles of Rana clamitans and R caiesbeiana were collected 
during May and June, 1933, in a small pond on the Zoological 
Division Field Station, Beltsville, Maryland, and were kept under 
laboratory conditions until they transformed The frogs were then 
kept out of doors in wooden pens covered with metal lath Meat was 
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placed in the pens to attract flies, which served as food for the frogs 
The frogs used in experiments were infected during the summer and 
taken indoors in September The control frogs, forty-five green 
frogs and twenty-six bullfrogs, raised under conditions identical with 
those used in the experiments, were examined and found to be nega- 
tive for trematodes of all kinds Other tadpoles similarly handled 
had been taken previously from this pond (Krull, 1933a), and 
similar negative results were obtained when they were examined for 
trematodes 

Extensive collections of fish, dragon-fly and damsel-fly nymphs, 
tadpoles, and cydops have been negative for flukes, and no fluke- 
infested animals have ever been traceable to this pond No molluaks 
had ever been taken in this pond during thi first two ytars of collect- 
ing, but m October of the third year a few snails, Pseudosumnta 
columella, were found A thorough examination of the pond showed 
the snails to be localized in a small area near the boat with which 
they had probably been introduced accident ally The water in the 
pond has an average yoarly pH of 6 2 

All the mollusks used in the experiments were identified by 
Mr Wm B Marshall of the United States National Museum 

Infection experiments with the second mtcnmdiale host 

Though several experiments of a similar nature have been earned 
out, only the most important and significant ones will be described 
In one experiment five clams, Muscuhum partumetum, which 
wore actively shedding cercanae, were put in a small stendcr dish 
containing water and allowed to stand overnight, since it had been 
found that cercanae, apparently, w ere shed only at mght Numerous 
ceroariae were observed in the container on the following morning, 
and eleven immature specimens of Hdtsoma antrosa were then in- 
troduced, a pinch of calcium carbonate, of which the snails were 
fond, was added at the same time for the purpose of inducing them 
to eat After four days had elapsed, the clams were removed and 
preserved for identification, and the snails were transferred to a 
larger aquarium until examined Since these infected snails were 
usually fed to frogs after a few cysts had been dissected out for study, 
usually no attempt was made to count the total number of cysts in 
each snail All the snails became infected and the number of cysts 
in each snail ranged from one to forty-eight The snails were ex- 
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amined six to twenty-six days after they had been subjected to 
infection and five of them died during the time interval Control 
snails from the same lot were kept in aquam and under conditions 
similar to those used m the experiments, none of these died Con- 
sequently, there m reason to believe that the infestations were a 
contributing factor in causing the deaths of the infested snails 

In another experiment fourteen cercanae were introduced into 
a small stender dish containing a pinch of calcium carbonate and a 
snail Iwenty-five minutes later seven cercanae had disappeared 
The snail was then carefully dissected to determine the position of 
the ingested cercanae One of the cercanae recovered had encysted 
near the heart and in this one only the hyaline cyst of cercaria ongin 
had been formed , two others in the same location had not encysted , 
and the remainder, which had escaped from their tails, were very ac- 
tive in the postenor end of the esophagus The place where the cer* 
cariae escaped from the digestive tract was not determined definitely, 
however, the foregoing expenment showed that the eercariae were 
eaten and that they had in all probability penetrated the esophagus 

Infection experiments with the definitive host 

Iuve green frogs, Rana clamtians, and five bullfrogs, R cates - 
beiana t all raised under controlled conditions, were subjected to 
infection with the metacerc&riae collected from the laboratory-raised 
and -infected snails The frogs were infected at different times when 
metacercanae were available, and since the body of the snail also 
was usually fed, the exaot number of cysts given at one time could 
not always be determined, but an estimate of the number was al- 
ways made 

Only one of the five green frogs Was negative, this was probably 
the result of giving it the cysts from a snail which had been dead 
for some tune Three of the five bullfrogs were negathe, two of 
these frogs had been given cysts from snails which had been dead 
for some time, the remaining frog had been given only four encysted 
metacercariae On the basis of a rough estimate derived from this 
infection experiment, it appears that about one fifth of the number 
of metacercariae fed to a frog may be recovered from the bladder 
upon subsequent examination 

Immature and mature flukes were recovered from the frogs 
infected in the experiment Some of the flukes matured in twenty* 
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one days, and all completed most of their growth m somewhat less 
than two months when kept at summer temperatures Five was 
the largest number of flukes recovered from a single experimental 
host In two frogs which were given encysted metacercanae at 
two different times, at an interval of fifteen days, two distinct sizes 
of parasites were present 

DISCUSSION OF THE D! VI LOPMENT IN THE DFFIN1TIVE HOST AND 
OF THE IDENTITY OF QOHGODKHA AMPLICAVA 

Changes take place in the metacercana very soon after it arrives 
m the bladder of the definitive host The ratio of the sucker sizes 
changes on account of the more rapid growth of the acetabulum, 
the ratio of size of oral sucker to that of acetabulum becomes 1 2, 
and this ratio is maintained until maturity, when it changes slightly, 
being about 1 2 4 The sheath around the acetabulum is well 
developed in flukes before they mature, and the space between the 
acetabulum and the body proper is very pronounced (Jigs 7-8) 
The vitelline mass on either side of the body soon differentiates into 
follicles which, apparently, become increasingly distinct until the 
parasite reaches maturity The ovary increases in size and is more 
or less trilobed owing to rather shallow indentations of its wall 
The most conspicuous change takes place in the testicular mass, 
the nght and left portions grow postenorly and fill the intercecaJ 
part of the body posterior to the acetabulum, covering the ovary 
dorsally In stained and mounted specimens the dense testicular 
mass shows httle evidence of being subdivided into testes, and *here 
Is little separation into a right and a left part until maturity As 
soon as eggs fill the uterus, the spaces in the testicular field become 
occupied with coils of the distended uterus, the coils show a tendency 
to separate the testes The testes appear rough in outline and 
relatively smallei, if not actually smaller, than those in immature 
flukes, in old, fully grown specimens the individual testes are s^n 
with difficulty 1 he characteristics of the immature fluke are shown 
in Figure 7, which is of a specimen 600 p long and 10 days old, and 
in Figure 9, of a specimen nearing maturity, 900 n long, and 
19 days old 

The following measurements were taken from three specimens 
19 days old which were fixed m corrosive acetic, then stained and 
mounted length, 750 to 900 m (average 853) , diameter of oral sucker, 
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135 to 158 p (average 146), diameter of acetabulum, 275 to 315 p 
(average 298) The youngest mature fluke, which was very similar 
to the out represented in figure 9, was fixed in corrosive acetic while 
under slight pressure, then stamed and mounted, after which it meas- 
ured 850 p long, the 2 eggs in the uterus were 18 p and 15 fx long 
by 13 jx and 11 (x wide The following measurements were secured 
from four stained and mounted mature flukes, at least 40 days old, in 
which the uterus, apparently, had reached maximum development 
length, 2 07 to 3 27 mm (average 2 72), diameter of oral sucker 260 
to 330 n (average 293), diameter of acetabulum, 606 to 785 fx, (aver- 
age 694) Twelve eggs, 3 from the terminal part of each uterus, were 
34 to 37 jx (average 35 5) long by 22 to 25 /i (a\ erage 23) w ide 1 hree 
eggs, from one of the specimens, were 43 to 49 p (average 47) long by 
31 to 34 n (av erage 33) wide Eggs contain fully dev eloped miracidia 
when they escape from the parasite 

ihe largest specimen of this fluke collected by the writer m 
4 0 mm long and was taken from a naturally infected bullfrog 
Harwood (1932) has shown that there are no differences between 
G amphrava Looss, 1899, and G circava Guberlet, 1920, and, con- 
sequently, considered the latter a synonym, which view is shared 
by the present writer The winter's specimens agree very well with 
tht description as given by Guberlet, except that the eggs are some- 
what larger 

SUMMAttV 

The hfe history of Gorgodera ampheava, as determined by con- 
trolled experiments, is as follows The clam Muscuhum partumetum 
Say was determined as a first intermediate host, the snail Hchsoma 
antrosa as the second intermediate host, and the frogs Rana c lamilans 
and R caie she tana as definitive hosts of the fluke The experimental 
evidence for this hfe history is given In these experiments the snails 
and frogs were raised and infected under controlled conditions, the 
clams were naturally infected All the hosts reported have been 
observed to harbor natural infections also The principal stages tn 
the life history of the parasite have been described 

Division, Burba v op- Animal Industry 
United States Department or Agriculture 
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EXPLANATION OF PLATE C1X 

Qorgodera amphcava 

All drawings either made with aid of camera lucida or basod on camera luoida 
drawings 

I' to 1 Flame celt from sporocyst 
Fio 2 Cercaria 

Fio 3 Cercaria body with penetration glands and colleeting tubule of excretory 
t /stem shown only on one side 

Fio 4 Stylet, ventral view 
Fio 5 Stylet, lateral view 

Fig 6 Metacercarla, posterior end, showing excretory bladder and ends of coca 
Fig 7 Dorsal view of Immature specimen, 10 days old 

Fig 8 Lateral view of immature specimen, 10 days old, showing oral sucker 
and acetabulum with sheath surrounding it 

Fig 0 Ventral view of immature specimen, 19 days old 






SIX UNPUBLISHED LETTERS OF 
CHARLES DARWIN 

WILLIAM E PR AEG h R 

I T WOULD seem that to biologists all letters of Charles Darwin 
would have an interest of their own e\en if the contents are of 
slight importance I therefore presume to present these letters With 
the exception of one which was published m a local paper, none of 
them seems to have been printed They are all addressed to Robert 
Patterson of Belfast, Ireland, and are preserved in his family He 
was Darwin's senior by se\en years He died in 1872, ten years be- 
fore his honored fnend 

When in Belfast a few years ago I saw the originals of the letters 
and made copies of them I also had the privilege of reading some of 
Patterson's letters written to his home folks Those telling of meet- 
ings of the British Association are especially interesting to a natural- 
ist Scientists whom he met were often mentioned, and in one 
letter — addressed to Mrs Patterson -he tells of a conversation 
with Darwin at the rooms of the Linnaean Society The letter also 
shows the high estimation in which Patterson's textbooks were held 
by his contemporaries 

London 11 Oolock Tues night 
May 2 1864 

Dxarbst Mm 

I am just home from the meeting of the Linnaean Society At the dinner 
of the Linnaean Club, at the Freemason Tavern, I met A B Ward, Lieut Hol- 
man, Mr Yarrell, Mr Spence etc It was very pleasant but I wai put forward a 
little more prominently than I would have chosen. I was placed at dinner at the 
right hand of the Indent, Professor Ball, and when he proposed the health of 
the visitors he coupled my name with the toast “as one of the great, if not the 
greatest benefactor to Natural History in these kingdoms So I had to make 
a little bit of a speech Mr Spence had a cab, A he took Van Voorst, 
Yaiiell, A myself to Soho Square, where the meetings of the society are held 
There I had some pleasant chat with Charles Darwm A Adam White, Curtis 
the tntomologtot eto Many were the compliments bestowed on the *' Zoology 
for Schools ” I walked home, a distance of a couple of miles, - the night being 
fine — a member of the I innaean whom 1 did not know was my companion 

So goodnight 

Robert Pattrrbon 
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Robert Patterson, hcllow of the Royal Society, was one of the 
many distinguished amateurs whom Britain and Ireland produced in 
the nineteenth century When a boy he was apprenticed to his 
father’s business, that of hardware merchant, he became a successful 
business man and was prominent in civic affairs, filling positions of 
trust and responsibility in his native town Yet in spite of a life 
devoted to merchandizing he found time to develop his very decided 
literary and scientific tastes and was known far beyond his home 
town as a writer and a lecturer In 1838 he published The Natural 
History of Insects Mentioned in Shakespeare's Plays f a quaint and 
interesting little book that ran through several editions In 1839 he 
attended for the first time a meeting of the Bntrnh Association at 
Birmingham A long letter telling in detail his impressions of English 
scientists is still preserved At this meeting he was elected one of the 
secretaries of Section D, Natural History, his associate was h*d ward 
I-orbes He held the position for five years About this time he took 
a leading part in the movement to have the study of natural history 
introduced into the schools of Ireland This was successful, but a 
difficulty soon appeared, there were no books suitable for school 
instruction Patterson attacked the problem and in 1846 published 
Part I, ‘"Invertebrates,” of his Zoology for Schools Part II, “Verte- 
brates,” appeared two years later The book was adopted by the 
commissioners of schools for Ireland and later by those for England 
and was used for many years The following letter from Darwin 
will now be understood 

Down, Farnbobouqk, Kent 
April 17th [1847] 

Dear Sm 

I received only yesterday your note of the ftth of March A very kind present 
I fear you must have thought me ungrateful not sooner to have acknowledged 
your kindness, but owing to not having sent to the Geological Sooiety for some 
time, the paroel lay there 

I admire your volume much, you seem to have condensed a wonderfully 
great deal of accurate information & the woodcuts are capital I am very much 
pleased to hear that the Commissioners of Education have adopted your book, 
and I hope you may live to see some good naturalists spring up, who will acknowl- 
edge your work as their first guide and incitement I beg to thank you for your 
kind expressions towards me m your note, I remain, dear Sir, with much respect 

Your obliged and faithful serv 

C 

To 


R Patterson E m 
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In 1852 the well-known zoologist, Wm Thompson, died suddenly 
after three volumes of his Natural II t story of Ireland had been pub- 
lished Patterson was one of his ht erary executors, and on him fell the 
responsibility of completing and seeing through the press the fourth 
and last volume, issued in 1856 It is evident that Thompson had 
lent Darwin material to be used in the preparation of Ins well-known 
Monograph of the Sub-Class ( irnpedia , henot, m reply to inquiries 
from Patterson, the two following letters 


Down, Farnhoroigh, Rknt 
Ap Oth [1854] 

My dear 8ir 

A sharp attack of unwellnww has prevented my answering sooner your note 
of the 28th tilto — Mr Thompson gent me all his M S on CirrifxnJu A the whole 
of his collection, which filled a good simi box 1 remembt r not long before his 
death returning all the M 8 A I fool almost sure 1 rerm inber pac king up all the 
specimens I have looked m every likely place and can fir 1 nont of hiB, but it 
is just possible that amongst the numbers sent me from various quart* ra, his 
may be overlooked In the middle of summer or early autumn I mtf nd returning 
every specimen which I have borrowed A shall then without fail discover whether 
I have any of your poor ft tends yet here And in that (ast w ill communicate 
with you — • But 1 very strongly think that collw tion was returned 1 his instant 
my memory flashes across me that he it my request returned me one specimen 
for further examination (and whuh one I must somew here have) but this demon 
strates that the mam collection had previously been returned to him 
Pray forgive this long note A believe me Dear Sir 

\ ours sincerely 

C Darwin 


Down Farnborouuh Kent 
Aug l\ [1854] 

Dhar Sir — 

I have now gone through ail the urn pedes in the house, and I find some 
half dozen specimens (including some bottles) belonging to poor Thompson 
None of these are of much value, excepting as bung (at least some of them) 

rare as Irish 

I have also a few M 8 notes Will you be so kind as to say how I shall 
send them They are rather too heavy & being glass not fit to go by post and 
they are not Worth the carriage of so long a journey Is there anywheie in Lon 
don where they could he till other objects accumulated? I am sorry to cause 
this trouble but would be much obliged if you could send me a Ime Tnfort umitely 
l cannot say positively that I shall be at Iiverpool, otherwise that probably 
would have been a good way of transmitting the specimens 

Pray believe me 
Dear Sir 

\ ours sincerely 

C Darwin 
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Darwin’s interest in the variations of rabbits dates from his visit 
in 1833 to the Falkland Islands, where introduced domestic rabbits 
had become feral On September 8, 1856, writing to J D Hooker 
he says 

By the way I have been astonished at the differences m the skeletons of 
domestic rabbits I showed some of the points to Waterhouse, and asked him 
if he could pretend they were not as great as between species, and he answered, 
“They are a great deal more ” How very odd that no zoologist should ever 
have thought it worth while to look to the real structure of varieties 


On this rabbit problem Darwin ask a help from Patterson 

Down, Bromley, Kent 
March 10th [1867] 

Mr i>bab 8m 

I am going to beg a great and troublesome favor of you, — I have been col- 
lecting skeletons of all varieties of Rabbits, A I want very much a real Irish 
Rabbit, the L veomicule of our poor friend Thompson — Would you have 
the great kindness to take the trouble to procure me one The only care requisite 
to be to get one not very severely shot, but especially not struck on the back of 
the head to kill It, as that part is easily injured A is very characteristic 

I enclose an address, and you will know whether to steamer to Mverpool A 
then per Hallway, will be the cheapest and quickest route — I am fearful you 
will think me rather unreasonable in begging this favor 

Truly believe me 
My dear Sir 

Yours sincerely 

Ch Darwin 

The next letter, on the same subject, has been badly mutilated, 
evidently to obtain the signature 


Down, Bromlet, Kent 
Nov 12 [18673 

My dear Mr Patterson 

The rabbits arrived safely last night after their long journey, A most sin- 
cerely do I thank you for the very great trouble you have taken to oblige me 
Externally they seem to differ extremely little except perhaps in fulness of head, 
from the rabbit of this neighbourhood But they shall be skeletonised 

I have now rabbits from Shetland, Madeira A Ireland and hope to receive 
one soon from Jamaica, so I shall have good means of comparison for to 

several domestic breeds 

If you remember whenever you see lord Massarene I hope you will present 
my thanks for bis great kindness — When I have done with the Rabbit Skeletons 
for my own purpose I shall present to the Brit been thrown away 

A I well know that you work for Natural History from a pure love of Science 
With my vary sincere thanks pray believe me 
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The results of this work appear m Animals and Plants under 
Domestication, published elev en years later 

Letter six is unimportant, but being brief may well be included 
here It was written about a year after the publication of the Origin 
It suggests the struggle for existence 


Down, Bromubt, Kent 
Oct 21 L18603 

Mr dbab Sin 

I [[would! Uke to thank you for so kindly taking the trouble of communicating 
the Rat V Rabbit case X am very glad to have all such facts, but it is doubt- 
ful whether I would require to urn. it so I will not give troublo to your informant 
of inquiring 

With many thanks, prey believe mt my dear Si 

1 ours sincerely 

( h Darwin 

Robert Patterson had a w ule circle of friends among the scientists 
of his day He was an active correspondent and must have received 
many letters from men of not* , but, with the exception of those six, 
none seems to have been preserved Fhat there were others from 
Darwin is very probable, for there seems to have been a genuine 
friendship between the two naturalists, but none is known or likely 
now to be discovered 


Kalamazoo Collkuk 
Kalamazoo, Michiuan 




BIOLOGICAL STUDY OF THE WALNUT HUSK 

FLY (. RHAGOLETIS SUAIIS LOEW)* 

* 

DONAID T RJIuS 

D URING the fall of 1931, while collecting black walnuts (Juglans 
mgra) near Pinckney, Livingston C ounty, Michigan, the wnter 
found a large number having the husks darkened and apparently 
rotted The husks were blackened and very shiny inside and con- 
tained a large number of whitish maggots that moved freely through 
the rotted pulp Infested nuts were very disagreeable to handle, 
since the blackened husks slick to the inner shell of the nut Inas- 
much as the fruit of the black walnut is not important to any extent 
commercially in this section, this insect has not attracted any special 
attention, and very few people, even those familiar with the maggots, 
have ever seen the adult fly 

This species belongs to the order Dtptera and the family Try- 
petidae It was first described by Loew from a male received m 1862 
from “the middle states ” 

In Michigan the black walnut (Juglans ?ugra) and the butternut 
(Juglam cinerea) are the only hosts of this insect In other parts of 
the country it has been reared from the husks of Persian walnut 
{Juglam regta) and Japanese walnut (Juglans mboldiana) By far 
the commonest host in Michigan is the black walnut 

The husk fly occurs throughout the range of its host plants m 
this state Both the black walnut and the butternut occur through- 
out the southern counties of the Lower Peninsula 

The emergence of the adults from the ground depends largely 
upon the temperature that has accumulated during the pupal period 
in the ground In the spring of 1932 the first emergence in this 
vicinity was on July 20 During that season adults continued to 
emerge until September 26 The peak of emergence was during the 
fir*t ten days of August Table I gives the number of emergences 
in one of the large outdoor cages during 1932 

* Scientific contribution No 4 from the Cranbrook Inetituto of Science 
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TABLE I 

Dateb and Numbrr of Emergences or Adults from the Ground in 1932 



os 

No of 
emergence# 

Dates 

No of 
emergences 

July 

20 

1 

Sept 

9 

3 


28 

5 


10 

2 


31 

8 


11 

ft 

Aug. 

1 

3 


17 

? 3 


2 

12 


23 

1 


6 

6 


24 

1 


9 

7 


26 

2 


15 

8 

Oct 

10 

First larvae left husks 


23 

First ovfpoaition ob- 
served 


14 

First larvae pupated 


30 

9 





31 

First newly hatched 






larvae found 





We see from this table that the emergence penod covered 09 days 
in 1932 

In 1933, however, the first emergence was observed on June 19, 
and emergences continued throughout the season until September 24, 
thus giving an emergence penod of 98 days The peak of the emer- 
gence during 1933 was near the end of June The 1933 emergences 
are given in Table II 

Although the first emergence in 1933 was a month earlier than it 
was in 1932, the date of ovtposition remained about the same, vis 
August 22 in 1933 as compared with August 23 in 1932 This is 
probably explained by the fact that oviposition cannot take place 
until the husk of the nut becomes soft enough for the Insertion of 
the ovipositor During the latter part of July, 1933, the writer 
observed a number of females endeavoring to oviposit, but they 
seemed unsuccessful in their attempt to insert the ovipositor through 
the tough exocarp According to observations made by him during 
the past season, the green exoearp increases in hardness as the nut 
develops, reaching a maximum hardness about the 20th of August 
As the season progresses after this time the husk gradually softens, 
and we find that oviposition takes place during this penod of de- 
creasing hardness Boyce found that oviposition in Eureka walnuts 
by R complete, a closely related species, is inhibited until a hardness 
approximating 1,300 grams per square millimeter is reached 

Results of two years* experiments in this state tend to show that 
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TABIF II 

Datkb and Number of Emeruences of Adults from tub Ground in 1933 


June 19 

2 

Aug 

2 

1 

20 

3 


3 

1 

21 

8 


4 

1 

22 

2 


5 

2 

25 

1 


6 

1 

27 

2 


13 

2 

28 

11 


15 

3 

29 

20 


16 

4 

30 

4 


17 

5 

July 3 

0 


19 

2 

5 

ft 


20 

2 

6 

3 


22 

FirBt ovl|>o8ition observed 

10 

6 


25 

4 

12 

2 


28 

3 

14 

3 


31 

First larvae hatched 

16 

4 

Sept 

2 

2 

17 

5 


3 

1 

18 

8 


5 

4 

20 

J 


10 

1 

21 

4 


15 

5 

22 

3 


24 

7 

25 

8 

Oct 

0 

First larvae left husks 

27 

3 


11 

First larvae pupated 

29 

3 




31 

5 





the accumulation of warm temperatures during the dormant pupal 
period has a definite effect on the emergence of the adults m the early 
Bummer These experiments have not been completed and reports 
on them will, therefore, not be included m this paper, but will be 
published at a later date 

The adult flies, when confined to large cages, fed freely upon 
sugar water and seemed to act normally, like those on the trees. 
However, the writer was unable to attract any flies to several types 
of bait pails hung in the trees 

The adults (PI CXI, Fig 1) of this species are the largest in the 
genus, measuring from 5 to 7 mm Cresson gives the following 
description of the adults ' ‘ Body color taw ny to ferruginous Scutel- 
lum, apices of seoond to fourth abdominal segments, and legs paler, 
yellow Bases of entire fifth abdominal segment of male somewhat 
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darker Wings with veins in hyaline areas toward the costa whitish, 
in the other parts, brown The median hyaline triangle does not 
extend beyond fourth vein but the hyaline spot m the apex of third 
posterior cell sometimes extends into the discai cell ” The head, 
sides, and upper portion of the abdomen, as well as the legs, are 
covered with a more or less heavy coating of brownish hairs The 
dorsum of the thorax is densely covered with short yellowish hairs 
interspersed with a few long stiff brown bristles The male geni- 
talia are figured m Plate CXI, Figure 3 

During the preoviposition time the flies rest quietly on the leaves 
for long periods, or make short flights from one leaf to another At 
this tune they seem to be lapping food from the surface of the leaves 
The writer observed similar actions m the adults of Rhagoletts 
pomonella Walsh 

As opposition tune approaches both the males and the females 
show a tendency to cluster about the fruit and to become very much 
more active Both sexes flit nervously from nut to nut The male 
seems to select a particular fruit upon which he takes his stand, 
he fights off any other males that may approach dunng the time he is 
waiting for a female to appear When he alights on a nut already 
occupied by another male, the first occupant immediately attacks 
him The two face each other, rear up on their hind legs, and engage 
in a brief but often amusing bout The victor, usually the first 
occupant, holds his position while the intruder fhes away 

When ready to oviposit the female approaches the fruit by half 
flying, half crawling along the leaves near by before alighting on 
the nut itself As she approaches, the male becomes more and more 
excited, making short quick jerks back and forth, spinning around 
and moving the wings rapidly up and down When she alights and 
finds a suitable place in which to oviposit — either a green area or 
a hole made by a previous ovipositing female — she inserts the tip 
of the abdomen TTie male immediately springs upon her and copula- 
tion takes place This lasts from a few seconds to several minutes. 
There are alternate periods of copulation and opposition There 
may be five or six such periods before the female flies away How 
many eggs are laid at each ovi position is not determined Several 
times it was noted that the male remained mounted while oppo- 
sition took place 

A number of punctures in the fruit were made by the author 
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with a scalpel or a needle The males invariably guarded these, 
apparently considering them suitable places for the female to ovi- 
posit Even after the female had oviposited and left, the male 
continued to stand guard Several times the males were observed 
consuming the juice that was discharged from these openings 
Many tunes both the artificial and the natural punctures, in which 
eggs had already been laid, were revisited by ovipositing females 
This probably accounts for the fact that a hundred or more eggs are 
not uncommon m a single puncture The eggs are laid m closely 
compressed masses (PI CXI I, Figs 1-2), usually from 2 to 3 mm 
beneath the outer skin of the husk 

As has already been mentioned, the nuts are well developed by 
tbe time oviposition takes place The place of oviposition is in the 
green portion of the husk and is usually difficult to determine unless 
a drop of the dark juice that usually seeps out from tbe oviposition 
puncture has run down and stained the husk of the nut More often, 
however, the first sign of infestation does not show until the eggs 
have hatched and the larvae begin tunneling Within several days 
after the larvae begin feeding the place of attack shows as a blackened 
area on the surface This spot rapidly increases in size as the larval 
burrows penetrate more of the tissues 

Inasmuch as newly hatched larvae were observed in the same 
channels with larvae at least a week old, it would seem that the female 
does not always oviposit in a new puncture 

The discoloration and breaking down of the husk tissue (PI CXII, 
Figs 3-4) is limited to the portion where the larvae are burrowing 
A number of nuts were found wtth half of the husk blackened and 
the tissues broken down, but the remaining portion was the dear 
whitish color of an uninfested husk 

The egg of this species is white, banana-shaped, and distinctly 
curved It is 0 85 to 1 0 mm in length and about 0 2 mm m width 
Both ends taper One end terminates in a rounded point, the other. 
In a small but distinct spur The eggs hatch in eight to ten days 
The writer has found from 10 to 150 in a single puncture Brooks 
reports having found nearly 200 in a single puncture 

The larvae feed until after the first frosts in the fall, when they 
make their way into the ground They usually leave the husks three 
or four days after the nuts fall to the ground The larval period 
lasts from 36 to 40 days A number of live and active larvae have 
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been found in the husks of nuts during the latter part of November, 
but whether or not these are able to survive the winter and complete 
their life cycle has not been determined 

lhe larvae (PI CX, Fig 1) are creamy to white and measure, 
when mature, from 8 8 to 10 0 mm in length and from 1 7 to 2 0 mm 
in width Ihey have eleven segments of nearly equal length in 
addition to the head segment A distinct fusiform area (PI CX, 
Jbig 2) is on the anterior portion of segments 3-11, with traces of a 
similar area on segments 1-2 The head is small, bearing two promi- 
nent tubercles that seem to be surmounted by two chitinous eleva- 
tions on each There are also two small chitinoua-tipped antennae 
at the base of each mouth hook A definitely ndged area is noticeable 
on the head segment immediately below the mouth hooks 

The anterior spiracles (PI CX, Fig 2) are small, yellow, and 
chitinised, with 22-26 small rounded tubules arranged in three 
irregular rows The posterior spiracles (PI CX, Figs 3, 5) are small 
and are located just above the medio-honzontal line, each spiracle 
has three quite broad yellow entrances, with a darker yellow per- 
itreme The button is small and slightly elev ated Posterior spiracles 
are on a definitely elevated area The mouth hooks (PI CX, Fig 4) 
are definitely curv ed, black, and pointed 

Most of the larvae emerge through a single hole in the side of 
the husk or near the blossom end They work their way four to 
seven inches beneath the surface and pupate two to four days after 
leaving the fruit Only a few larvae pupate in the husk 

The pupae (PI CXI, Fig 2) are of a honey-yellow color and 
cylindrical and taper from the middle toward the ends The size 
vanes from 3 3 to 5 16 mm m length, averaging about 4 5 mm , 
and from l 55 to 2 27 mm in width, averaging about 2 07 mm They 
have eleven visible segments, with shallow, yet distinct, mterseg- 
mental grooves The pupae bear a close resemblance to kernels of 
wheat 

A number of nuts that were placed in pans and cages in October 
were found to contain extremely young, first instar, larvae These 
had apparently hatched only a few days before and it was doubtful 
whether they were able to reach maturity before being killed by 
the heavy frosts in November The nuts had been collected on 
October 2 Observations made m the field about September 22 
revealed adults still ovipositing in the husks 
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That a small percentage of the pupae hold o\er aiui emerge the 
second season was shown by the fact that about 6 8 per rent of the 
pupae m the cages during the winter of 1931 i2 failed to emerge 
during 1932 They were held oxer the following winter of 1932-13 
During July, 1933, 4 3 per cent of the 6 8 per cent emerged as adults 
This delayed emergence checked very closely with results of exptri- 
ments carried on by the writer in this state during 1925 27 in Kha- 
goletts pomotu lla 

The writer is indebted to Mrs Elizabeth Burckrnyer of Cornell 
University for the drawings 
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STUDIES ON THE FEMALE REPRODUCTIVE 
SYSTEM OF THE PRAIRIE DOG 
CYNOMYS LEUCURUS* 

I GROSS MORPHOLOGY 

ALFRED H 8TOCKARD 

INTRODUCTION 

T HE biology of the female reproductive system has long claimed 
the attention of zoological investigators The relation of this 
system to the ever-absorbing problem of the origin of the individual, 
Its stnkmg and profound anatomical and physiological cyclic changes, 
the seeming maze of interrelations between its physiology and endo- 
crine physiology, and the apparent lack of uniformity in the behavior 
of the system in the several species of mammals have all served to 
hold attention 

In previous papers the author has ou timed the reproductive 
and the seasonal activities of the prairie dog (1920, 1930) This 
paper deals with the gross morphology of its female reproductive 
system and the cyclic changes in the adult animal 

The author is indebted to Professor Peter Okkelberg for his 
direction and assistance m the course of this work 

HISTORICAL 

Investigations of the mammalian female reproductive system 
date back to the beginning of medical and zoological research Aris- 
totle makes numerous references to the vagina and cites previous 
writings on the subject He named and described, although in- 
correctly, the uterus and the os uteri Correct observations on the 
functions of the ovaries of mammals were first recorded by Vesalius 
(1543), they were later studied by Fallopio (1561), Fabricius (1625), 

♦ Contribution from the Zoological Laboratory of the University of Michigan 
725 
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and Haney (1650) Vesalius was also the first to interpret correctly 
the structure and function of the oviducts 

Withm the ovary the corpus luteuni was discovered by Colter 
(1573), and the Graafian follicles, though seen previously, were first 
described by Steno (1667) and later more fully by De Graaf (1672), 
who mistook them for ova The true ovum was first described by 
Von Baer (1827), though Provost and Dumas are credited by CosfiS 
(1834) with its discov ery in 1824 The work of Von Baer aroused the 
interest of morphologists generally in the structure and changes m 
the o\ary A list of investigators of the mammalian ovary since his 
time would include hundreds of names 

PRESENT STATUS OP THF PROBLEM 

Though the literature is un posing, the number of species of 
mammals that have been studied in detail is less than a score, and a 
complete study of morphogenesis, of the cyclic phenomena of oestrum, 
of pregnancy, and of the life-cycle of the reproductive system has not 
been made on any single species Our knowledge of the morphology 
and the cyclic phenomena is inadequate because of unsatisfactory 
methods in histological technique, lack of exhaustive investigation 
of the several problems in any one form, differences in the several 
groups of animals, and in many cases the insufficiency of the number 
of animals investigated, and the difficulty of rearing in the laboratory 
the species in which the phenomena are present in their simplest form 
Recent advances in mammalian endocrinology In relation to repro- 
duction make it important that our knowledge of the morphology of 
the reproductive system be extended to new forms in which the 
patterns of changes are relatively simple 

MATERIALS AND PROCEDURE 

The prairie dog seemed to be the most desirable form on which to 
conduct this investigation No work on this form had been recorded 
in the literature, and the family 8ctundae t to which it belongs, has 
been investigated to only a very limited extent, even though it has 
a wide distribution and many species, some of which contain numer- 
ous and conspicuous individuals that may easily be obtained The 
prairie dog has many habits which make it an unusually interesting 
form for study of problems related to reproduction Since it is now 
the object of a concerted extermination project by rodent-oontroi 
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organizations, some attempts should be made to determine what 
other interesting features it possesses 

Wild animals were obtained, above ground, by shooting in the 
vicinity of Laramie, Wyoming, during the springs of 1925, 1927, and 
1928, they were sought dunng the entire year of 1928, though they 
could be found only between March 27 and July 4 Table I indicates 
the date of collection, sequence of progress, and stage in the sexual 
cycle attained by the animal, and the histological preparations made 
for each animal studied 

The reproductive tracts which were later examined microscopi- 
cally were dissected out complete and fixed, those of the 1925 and 
most of the 1927 collections immediately in he field and the remain- 
ing ones m the laboratory one to three hours after collection In 
1925 warm Allen's modification of Bourn’s fluid was used, and in 
1927 and 1928 Bourn's fluid alone Tissues of the 1925 and 1927 
collections were nnsed in tap water after 4 to 24 hours m the fixa- 
tive, drop-dehydrated to 70 per cent alcohol and stored in a 7 1 2 
aloohol-glycerme-water mixture or in paraffin The 1928 materials 
were transferred directly from the fixative to 70 per cent alcohol 
after 5 to 15 days The material was embedded in paraffin or par- 
affin-mcthylbenzoate-celloKlin, sectioned serially, and stained in 
Heidenham's haematoxyhn and eosin or in Mallory's connective 
tissue stain after mordanting in Zenker’s fluid without acetic acid 
The 1925 and 1927 technique yielded the most satisfactory results 
The microscopic technique is recorded here because the sequence of 
stages was determined in part by histological methods The animals 
were arranged in the sequence recorded in Tabic I after a study of the 
collection record, the gross morphology, and the histology of the 
reproductive system of each 


STKUCTURK 

The reproductive system of the prairie dog consists of pallid 
ovaries related in position to paired oviducts which lead into the 
horns of a duplex uterus, and these open by separate ostia into the 
vagina, which terminates externally m the vulva Ihe ovary (PI 
CXIII, Pigs 1, 4) is bean-shaped and variable in size, being usually 
4 to 5 mm long, 3 5 to 5 mm wide, and 2 to 3 mm thick It is 
attached on its hilar (ventro-medial midportion) surface by the 
meeovarium to the ligamentum latum (PI CXIII, Fig 4) and is 
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Records or Collection Date, Sexual Stage, and Histological Preparations 
or Prairie Dogs Studied 

Histological preparations from each specimen are indicated aa follows V, sample 
transverse sections from vagina, U, sample transverse sections from uterus, TO, In* 
complete serial sections from oviduet and ovary f TOs, complete aerial sections of 
oviduct and ovary 

POSITION IN REPRODUCTIVE CYCLE 


Specimen 


Date taken 
'25 | '27 | '28 


Date taken 
'25 | '27 | ’28 


Histologi- 
cal prep 


2503 




UTO 

2714 


3-30 


VUTO* 

2514 

— 



UTOs 

2827 



4-4 

VU 

2504 

— 



VUTO 

2807 



3-27 

VU 

2512 




UTO 

2748 


4-0 


VU 

2513 

— 



UTOs 

2718 


8-30 


VUTOs 

2857 



4-14 

VU 

2713 


3-27 


VUTOs 

2831 



4-4 

VU 

2715 


3-30 


UTOs 

2742 


4-5 


VUTOs 

2710 


3-30 


VUTOs 






2881 



4-22 

V 


n OESTRUM 


2527 

„ 



UTOs 

2533 

m 

m 


UTO 

2821 




VU 

2522 




u 

2521 

— 



UTOs 

2535 


m 


UTO 


ni GESTATION 
A* Pmod of tubular iiages 



Two-oeU stage 


t Four-cell stage 
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B Period of early uterine stage* 

(Sequence determined by relative else of Implantation nodes In uterus) 


Specimen 


te taiten wi 

i — "* — Specimen 

'27 ’28 oai P re P 


Histologi 

on cal prep 
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Specimen 


IV LACTATION 


(Sequence determined by relative sire of placental remains in uterfts) 


28123 



6-12 

VIT 

2538 




UTO 

28103 



6 1 

VUTO 

2892 ; 



4-27 

V 

27102 i 


6-7 


VUTOs 

2898 ! 



4-27 

VUTO 

28128 



6- 12 

VtT 

2539 

— ] 



UTO 

2888 



4-22 

vu 

2784 


5-7 


UTOs 

2882 



4-22 

vu 

2789 


5-7 


UTOs 

2641 

— 



UTO 

28111 



6 8 

VU 

28100 



6 1 

VUTO 

28113 



5-8 

VU 

2640 

— 



UTO 

28119 



5-8 

vuro 

28104 



6-1 

vuro 

2783 


5-7 


u 

28120 



6 8 

V TO 

2704 


5 7 


UTOs 

2637 




, UTO 

28127 



5-12 

VUTO 

28114 

i — 


6-8 

VUTO 

2790 


5-7 


UTOs 


Date taken 
’25 [ 27 | '28 


Histotogi 
tal prep 


Specimen 


Date taken 1 

Ilistologi- 

25 

L *27 ) '28 

cal prep 


V POflT-LACTATION 

(Sequence determined by relative degree of involution of placental remains and of uterus) 


2818 

5^8 

VUTO 

28137 

5-25 

VU 

28125 

5-12 

vuro 

28146 

6-8 

VU 

28135 

5-19 

vuro 

28148 

6 8 

VUTO 

28130 

5~19 

VUTO 

28163 

6-10 

VUTO 

28139 

5-26 

VUTO 

28161 

6-10 

VUTO 

28166 

6-10 

vuro 

28161 

6-23 

VUTO 

28167 


VUTO 

28164 

6-23 

VUTO 

28158 

6-16 

VUTO 

28166 

0-23 

VUTO 

28106 

7 4 

VUTO 

28170 

7-4 

VUTO 

2791 

5-7 

U 

2796 

5-7 

UTOs 

28123 

28134 

5-19 

VU 

VUTO 

28163 

6 23 

VUTO 


VI UNCLASSIFIED 


28188 



5-25 

VU 

2501 





UTO 

28143 



6-8 

VUTO 

2502 

— 



UTO 

28171 



7-4 

VUTO 

2519 

— 



UTO 

28175 



7-4 

VU 

2518 

- 



UTO 

28178 



7-4 

VU 

2516 

. — 



UTO 

2781b 


5-7 


U 

2326 

— 



UTO 

2749 


— 


U 

2829 



4-4 

V 

2780 


5-7 


U 

28102 



5-1 

VU 

2787 


5-7 


u 

28129 



fi-12 

VU 

2775 


4-25 


u 

2770? 


— 


V 

27101 


5-7 


u 





Total number of specimens studied, 102 (Five unnumbered specimens were dis* 
eeeted alter gross preservation m formalin ) 
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inclosed in an incomplete ovarml bursa, studied recently by Agduhr 
(1927) in the mouse 1 he o\ ary is of a smooth and regular contour 
in young animals, but in sexually mature animals it is subject to 
constant changes in both size and shape It is co\ ered by the ovarian 
epithelium, which is continuous with the peritoneum On its surface 
are hillocks of various sizes formed by maturing or recently ruptured 
follicles and by corpora lutca These hillocks are separated by 
groovos and subside upon involution of thur contained struc- 
tures 

The oviduct (PI C\III, Pigs 2 4) is a firm-walled tube approx- 
imately 35 mm long and 0 75 to 15 nun in outside diameter Its 
distal portion, the pars inters* it mils, penetiates the mesenterial wall 
of the uterus and adjoins its lumen near tin tip Its proximal end 
expands into a corolla-like infundibulum marked by prominent rugae 
and fimbriae and lies vcntro-Htt ral to the hilar portion of the ovary 
The tube is uniform m diameter o\ci the distal }() mm of its free 
length, the isthmus, but is slightly exploded over its proximal 
(ovarml) 5 mm, the pars ampullaris Prom its uterine end the 
oviduct follows the wall of the bursa, first in a cranio-dorsnl direction , 
then it curves ventrad around the ml trior end of the ovary ti the 
floor of the bursa, which it follows atross to the medial wall and then 
it turns sharply dorsad and terminal es in the infundibulum which is 
attached to the mtsovanum it the ventro-lateral hilar portion of the 
ovary The mfundibul ir opening facta lal erully away from the ovary 
and into the bursa, its fimbriae partly occludes the mouth of the 
bursa (PI CXIII, Fig 3) 1 his relation of the infundibulum to the 

ovary holds in all animals taken, regardless of the stage in the sexual 
cycle There is no evidence that the ov ary is clasped by the fimbriae 
dunng oestrum A series of secondary short curves regularly present 
eight convexities to the lateral view, tht middle six of these curves 
are sharper than the terminal ones 

Each horn of the uterus is suspended from the dorsal liody wall 
by the ligamentum latum The two horns are separate over the 
greater portion of their length, but are together m a common sheath 
of circular muscle fibers over appioximately two centimeters of their 
posterior portion The two horns have separate cervices and open 
Into the vagina by separate ostia Ihe uterine cornua vary in size, 
shape, and proportions with the phases in the sexual cycle During 
dioestrum they have a smooth surface, are circular in cross-section, 
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and are 2 to 3 mm m diameter (PI CXIV, Fig 1) and 6 to 8 cm 
long They are of firm texture and have relatively thiok ( muscular 
walls and small lumina Only two regions of the uterus are recog- 
nizable externally — the free cornua and the inclosed cervices 

As oestrum approaches the uterus increases in length to 10 to 
14 cm and m diameter to 4 or 5 mm (PI CXIV, Fig 3), and its 
walls become turgid After copulation it is distended by an enormous 
plug into a thin-walled tube as much as 10 mm in diameter (PI 
CXIV, Fig 2) and 20 cm long Upon the loss of the plug the uterus 
returns to its procestrous size and appearance (Pi CXIV, Fig 3) 
When the embryos beoome distributed to the points of future im- 
plantation a nodular swelling appears in the uterine wall at eaoh 
point where implantation will later take place These implantation 
nodes Increase in size until at term they are ovoid bodies with diam- 
eters 30 by 55 mm Between the nodes the uterus retains a diameter 
of 5 to 8 mm , but becomes prominently ndged longitudinally After 
parturition the entire uterus is flabby and longitudinally ridged, 
and is enlarged into nodes at the sites of the placentae, which are 
retained in position and resorbed during the penod of lactation 
The flaccid condition gradually subsides, the nodes decrease pro- 
gressively m size as the placentae are resorbed, and the uterus returns 
to its normal resting appearance, though it is much smaller at this 
time (PI CXIV, Fig 4) than it is when the animals break hibernation 
m the spring 

The vagina is circular m outline, is relatively thin-walled and 
possesses a large lumen, which is usually collapsed (PI CXIV, Fig 5) 
Its dimensions are approximately 8 mm in outside diameter and 
20 mm in length Except during the breeding season it is partly 
closed at its external end by a closure membrane formed by fusion of 
the lips of the vulva (PI CXIII, Figs, 5-6) 

Two paired mesenteries, the hgamentum latum and the round 
ligament, support the reproductive tract The ligamentum latum is 
a triangular fold of the peritoneum, along whose ventro-caudal border 
the reproductive organs are suspended The fold is attached along 
its dorsal border to the hypoekeletal musculature and extends from 
the level of the kidneys in a caudo-mediai direction to the level erf the 
cervix uteri The free (cranio-ventral) border of the ligament slopes 
toward the ovary, which lies near the ventral angle of the ligament 
midway between the kidney and the pubic symphysis At this 



Reproductive Sy&tem of Cynomys 733 

point the ligament is approximately 8 cm in width, from which it 
narrows progressively to an apex at the cervix 

The hgamentum latum is folded into a pouch, the bursa ovaru 
mentioned above, which incloses the ovary and the proximal portion 
of the oviduct The bursa (PI CXIII, Figs 2-i) is approximately 
ten times the volume of the ovary and has a mouth about 4 mm 
in diameter and directed caudo-vontro-laterally, being often partly 
occluded by portions of the infundibulum and the ovary The 
ventral border of the Hgamentum latum forks into mesial and lateral 
limbs, the mesial lunb being the mosovanum to which the hilar 
portion of the ovary and the infundibulum are attached (Pi CXIII, 
Figs 2 4) The lateral limb has embedded in it the remainder of the 
oviduct Its ventral border is thickened into a system of strong 
cords, the mesosalpinx, which radiate from the tip of the uterine horn 
to the several coils of the oviduct and, with the oviduct, support the 
greater part of the lateral wall of the bursa ovaru (PI CXIII, 
Fig 2) 

The mesovanum contains a complex system of tubular structures 
rarely visiblo macroscopically but conspicuous microscopically in 
approximately two thirds of the mesov ana The system is composed 
of tubules, whose lumma vary in diameter up to 20 mi era, and of 
cysts, which sometimes attain a diameter of 2 mm These structures 
were interpreted as the epoflphoron of Waldeyer (1870) and related 
structures, and will be further described m a later paper 

The seoondary or round ligament arises from the lateral surface of 
the hgamentum latum near the mid-region of the uterine horn and 
passes directly caudad to the inguinal region of the body wall The 
Hgamentum latum supports the ovarian arteries, veins and lym- 
phatics, and the nerves supplying the reproductive tract It also 
supports a large amount of fat disposed throughout its structure 
generally and in a very firm mass just anterior to the ovary 

SUMMARY 

The gross morphology of the female reproductive tract of the 
prairie dog, an hitherto unstudied genus belonging to a little studied 
but very oommon family of mammals, has been described The 
description covers gross structural features and cyclic changes, a 
knowledge of which is necessary before a profitable histological study 
can be made The species mv estigated shows unusually pronounced 
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and sharp seasonal changes and characteristics Many of its morpho- 
logical and physiological characters are primitive, but some appear to 
be highly specialized The retention and resorption of the placenta 
is a character which has not been described for any other form 

University of Michigan 
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EXPLANATION OP PLAIP C\I\ 

Bia 1 Transverse s« t inn of r utume horn of amraal 2503 taken in pn>a strum 

h 10 2 Transverse section of a uterine horn of animal 2821 taken during 
oewtrum si iowm« the great distention of the uterus hy the copulation plug 

hiu 3 Tiansvtrse se< turn of a utenne horn of arnmai 2733 taken with two-eell 
emhryos in the oviducts 

ha 4 Transverse see t ion of a utenne horn of aminal 2795 taken after the t lose 
of the reproductive ptriod 

Fio 5 Transverse set it nn of the vagina of animal 2714 taken during oestrum 
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KEY TO ABBREVIATIONS USED IN PLATES 


4 — ovarial bursa 
e m — closure membrane 
e p — copulation plug 
qI — uterine glands 
in/ — infundibulum 
m — isthmus 
J — lumen of uterus 

I b — lip of ovarial bursa 

I I — Ugamentum latum 

m — mouth of ovarial bursa 
mb — mesenterial border 
mo ~ mesovarlum 
m* — mesosalpinx 


muse — muscular coats 
o« — ostium 
ov — -ovary 

p amp — pars ampullans 
p tn) — part interstitialis 
«t« — submucosa 

ftm c — Bubmuscular connective tissue 
u — uterus 
u l - uterine lumen 
u m — uterine mucosa 
ur — urethra 
v« — vaginal epithelium 
v l — vaginal lumen 
vo — vaginal orifice 


EXPLANATION OF PLATE CXUI 

Fiu 1 Ovary of animal 2881, a mature virgin taken before ovulation Follicles 
of various vises are to be seen protruding on the surface of the ovary 

Fio 2 Right oviduct and related parts of animal 28117, lateral view 

FlO 3 Right ovarial bursa and related parts of animal 28117, medial view 

Fto 4 Right ovary and related parts of animal 28117, medial view, wall of 
bursa opened 

Fig 6 Vulva of a female taken before oestrum, showing small vagina) orifice 
and the closure membrane 

Flo 6 Vulva of a female taken after oestrum, showing the large vagina) orifice 
and no closure membrane 




ADDITIONAL DATA ON SUBMERGED 
DEPRESSION INDIVIDUALITY IN 
DOUGLAS LAKE, MICHIGAN* 

PAW S WELCH AND FRANK h EGGLETON 

N UMEROUS data (Welch, 1928, Eggleton, 1931, Welch and Eg- 
gleton, 1932) have already been published on that distinct differ- 
ence m limnological behavior which occurs in the six major, isolated, 
submerged depressions in the main basin of Douglas Lake, Cheboygan 
County, Michigan General characteristics of this depression indi- 
viduality ha\ e also been summarized in the papers referred to above 
and need not be repeated here The very scant attention given to 
this phenomenon by other limnologists, the striking diversity of 
behavior of these depressions, the important bearing of the depres- 
sion individuality upon certain limnological practices, and the un- 
usually favorable conditions within Douglas Lake for such a study 
have made it seem desirable to continue the investigation Since 
the last report was published physico-chemical data covering three 
summer seasons (1931-33) have been obtained These data form 
the basis of this paper, and certain ones selected from the total data 
are analysed m the tables attached to this report Temperature 
reoords were taken with a Negretti and Zambra reversing ther- 
mometer at vertical intervals of one meter Hydrogen ion concen- 
tration was determined by means of a LaMotte colorimeter, m 
which the intervals between standards are 0 2 pH Occasional use 
was also made of other methods of measuring hydrogen ion con* 
oentration, both electrometric and colorimetric Analyses of dis- 
solved oxygen, free CO*, and alkalinity were made according to 
procedures outlined in the well-known Standard Methods of Water 
Analysts Water samples for chemical analyses were taken at all 

* Contribution from th« University of Michigan Biological Station and from 
the Zoological laboratory of the University of Michigan 

The work of the senior author has been facilitated by a grant from the 
University of Michigan Faculty Research Fund 
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critical levels and at frequent intervals in all significant regions 
Maps of Douglas Lake indicating the position, sue, and form of the 
isolated, submerged depressions appear in two of the earlier papers 
(Welch, 1928, Eggleton, 1931) and should be consulted in connection 
with these discussions The tabular matter (Tables I II) has been 
east into essentially the same form as that of the previous reports in 
order that comparisons may be facilitated The data included in 
this re|>ort are restricted to physico-chemical features 

THERMAL CONDITIONS 

Thermal stratification — During the three seasons coverod by 
this report all of the six major depressions, with one exception, de- 
veloped typical thermal stratification with the characteristic forma- 
tion of a thermochne The one exception (Stony Point depression) 
showed thermal stratification during two of the three seasons, but 
lacked it for most of the other summer Comparison with the pre- 
\ lously published reports will show that thermal stratification w as a 
more constant feature for the seasons of 1931-33 than in some other 
periods, also that while consistent differences in the position and 
form of the thermocline usually occurred in the various depressions 
on the same or adjacent similar dates, the differences were not so 
great as were manifested dunng some of the previous periods 

Dunng these three seasons the position and extent of the thermo- 
chne in South hish-Tail, Roberts Point, and Fairy Island depressions 
were quite similar, although in previous seasons striking differences 
often occurred The meteorological uniformity of these three summers 
must not be stressed too much in trying to explain this rough agree- 
ment of the three depressions, since the other three depressions 
showed wide deviations However, similarity of thermocline was 
not accompanied by similarity of bottom temperatures (Table I) 

Bottom-water temperatures — Table I shows differences, some- 
times striking, in the bottom-water temperatures of the depressions, 
even though certain depressions are of the s&rae depth and ore 
located side by side South Fish-Tail depression, having the greatest 
protection, consistently maintains the lowest bottom temperatures 
The highest temperatures appear in Stony Point depression, since 
it has a maximum depth of only eighteen meters, which is barely 
sufficient to develop thermal stratification part of the time It is 
clear that each depression maintains its own bottom-water tempera- 
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ture and that these temperatures differ from one another, in some 
instances by several degrees Table I also indicates how these 
bottom-water temperatures differ in the different summers 

Further confirmation of the increases in bottom-water tempera- 
ture with the passing of the summer appears in the data given m 
Table I Some discussion of tins gam in heat appears in the first 
report (Welch, 1928) Whilo this increase in temperature is the 
rule m all the depressions, from time to tune there is an abs< nee of 
any significant change, as for example, in the Sedge Point depression 
in 1931 and in the Grapevine Point and Fairy Island depressions 
during 1932 Increase in temperature is greatest in Stony Point 
depression owing to the fact that this depiession is not deep enough 
to maintain uninterruptedly its thermal stratification, and summer 
circulation of the water in the entire depression may be sufficient to 
mix some of the upper, warmer water with that at the bottom In 
the five deepest depressions where the thermal stratification, once 
it is established, is continuous for the season, this increase in tempera- 
ture commonly does not exceed 1 0 degree C by the middle of August, 
although exceptions occur and the records for former years show gains 
as high as 3 0 degrees Opportunities for consistently following these 
temperature changes in the bottom waters until the initiation of the 
autumnal overturn have been lacking, but a few records made m 
late October show a continuous increase in temperature up to that 
time or later in South Fish-Tail depression However, one record 
made on October 20, 1928 (Figgleton, 1931) rtveals that in the 
Roberts Point depression the bottom-water temperature had begun 
to fall Similar gains in bottom-water temperatures have been 
reported by Birge, Juday, and March, 1928, for I/ake Mendota, 
Wisconsin, by Eggleton, 1931, for Third Sister Lake, Washtetiaw 
County, Michigan, and by others 

Peculiar deviations from the usual course of events occur in the 
temperature of the bottom waters from time to time, one of which 
is the occasional decrease in temperature For example, the tempera- 
ture at the bottom of the South Fish-Tail depression on July 16, 
1932 , was 9 1 degrees, on August 5 it had dropped to 8 3 degrees 
During essentially the same period of the same year a similar but 
somewhat smaller decline occurrod in the Sedge Point and Grape- 
vine Point depressions (lable I) Records for earlier years also 
show an occasioned decline of temperature of a similar sort 
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CHEMICAL CONDITIONS 

Table II presents the principal chemical features for the past 
three summers Evidence of submerged depression individuality 
resides mostly m the records of dissolved oxygen, of free carbon 
dioxide, and of hydrogen ion concentration Alkalinity records show 
differences of such small magnitude that their significance is uncer- 
tain Since, during the period covered by this report, none of the 
deepest depressions lacked thermal stratification, the chemical strati- 
fication, for the most part, corresponds rather closely with the thermal 
stratification and yields additional evidence of depression individu- 
ality The various features of the chemical conditions have been 
discussed in the previous reports, and it scarcely seems necessary to 
continue them further at this time since, though additional con* 
firmation is presented, nothing essentially new is involved 

discussion 

While the second report (Welch and Eggleton, 1932) was in 
press, two papers reporting submerged depression individuality ap- 
peared and could be referred to at that time only in footnotes added 
to the proof These papers deserve further attention 

Scott (1931) mapped and described James Lake, Indiana, which 
goes well toward the extreme in complexity of basin It is quite 
elongated and is divided into three major portions arranged more or 
less in linear sequence and connected by narrows or channels, one 
being 242 meters wide and 8 2 meters deep, the other, 152 meters 
wide and about 9 meters deep Snow Lake, closely connected Into 
this chain, is regarded by Scott as really being a fourth portion of 
James Lake, although the connection is longer, narrower, and shal- 
lower than those between the other major parts The four major 
portions of the lake contain twenty-one isolated, submerged de- 
pressions within the main basin These depressions were found to 
differ from one another physically, chemically, and biologically 
Differences in bottom-water temperatures in depressions having the 
same depth, differences m date of stratification, differences in the 
distribution of dissolved oxygen, and differences in the quality and 
quantity of the plankton are among the evidences of depression 
individuality which are reoorded The division of this lake into 
three (or four) major portions connected by narrows might suggest 
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that these portions are essentially different lakes, each with indi- 
vidual differences However, it should be noted that the narrows 
are quite wide and have substantial deptlis In addition, each of 
these major portions (“ basins ”) has several isolated, submerged 
depressions, and Scott’s data show distinct individuality in the de- 
pressions within the same major portion of the lake 

Yoshimura (1931) made observations upon Lake Akimoto, Japan, 
which also has a complex basin with isolated submerged depressions 
It is difficult to understand the details of this lake basin from Yoahi- 
raura’s figure and very brief description, but it appears that the 
complexity of the mam basin is the result of a volcanic mud flow 
which dammed the valley of two converging rivers in such a way 
that a lake was formed Within this lake additional deeply hollowed 
basins, separated from the mam basin by submerged ridges, were 
formed from the valleys of small tributaries wdiich entered above the 
mud dam The eight depressions vary in depth from 10 to 315 
meters Of the deeper ones only two have similar depths Yoshi- 
mura found certain differences m ttmperature, dissolved oxygen, 
and hydrogen ion concentration between some depressions, also 
suggestions of biological difference Depression individuality was 
probably inevitable from the peculiar history of the lake basin, since 
it was formed by the drowning of several valleys probably of diverse 
character Each of the eight depressions appears, from Yoshimura’s 
map, to have its own inflowing river or mountain brook In one 
sense these “basins” are not strictly oomparable with one another, 
as are the depressions in Douglas Lake and at least some of the 
depressions in James Lake However, the fact remains that one 
kind of depression individuality exists in these “basins" which 
now are cov ered by one continuous surface stratum of w ater 

Douglas Lake is particularly favorable for this kind of investi- 
gation sinoe all the submerged depressions are within one wide-open 
lake basin, none of them are separated from others by narrow s, 
and only one has any shore-Une protection Borne of them are of 
the same depth and very similar in size and form Depression 
individuality under these circumstances is particularly significant 
Further work on the biological aspect of this individuality is m 
progress and will be reported upon at a later time 
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SUMMARY 

1 Physico-chemical data on Douglas Lake, Michigan, taken 
during three summer seasons (1931-33) are added to those already 
published 

2 These data constitute further confirmation of that indiudu- 
ality of hmnologjcai behavior which is a constant feature of the 
submerged depressions within the main basin of this lake 

3 Depression individuality during the past three summers, while 
not so pronounced as dunng some of the preceding summers, was, 
nevertheless, clearly present 

University or Michigan 
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TABLE II i Continued) 



June 2d t» i i^f 488-083 4 15-223 absent OO-oO 0o-04 t 124-130 

July 21 t.*. «• a. » 68-0 0 5 37-1 00 21-23 0 0-10 0 0 0-5 0 '128-132 S 4-: 

Aug 20 ts j cb 00 -00 376-2ove) 10-22 00-100 3 0-5 0 129-131 8 5-: 
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602-00 3.3{e)-279 26-2S 00-60 17-30 130-133 8 4-7 1 77(«}-74 

6.73-00 4 60-1.25 23-28 00-100 00-04 126-132 84-71 81-7.3 

6.86-0 0 5 09-1.04 20-28 00-10-0 00-6 0 129-131 8.5-70 8 3(e)-7 3 

600-0 0 4-88-069 20-28 0 0-110 00-6-0 128-132 8,6-70 8 4-7-3 
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